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In previous work *~* it was shown that long term steroid administra- 
tion caused diffuse and focal proliferation of pancreatic ductules and 
acinar dilatation. Laminated inspissated secretions appeared within the 
ductular lumens. Frequently, foci of peripancreatic fat necrosis were 
also seen. Similar observations have been reported by other workers in 
both animals and human subjects.®* Since adrenal steroids enhance pro- 
tein catabolism and cause abnormalities in vitamin metabolism, thereby 
producing a metabolic state akin to that observed in malnutrition,’ it 
was thought that these lesions might be caused by a nutritional imbal- 
ance. The steroid-induced alterations in the pancreas have certain char- 
acteristics in common with those observed in various human nutritional 
disturbances. In the pellagrous Bantu ® and in rats kept on the diet of the 
Bantu native,® acinar atrophy with cystic changes of the intercalated 
ducts is considered characteristic. Furthermore, vitamin A deficiency in 
the rat is accompanied by cystic alterations in the pancreatic ducts and 
acini, the result of ductular obstruction due to squamous metaplasia of 
the lining epithelium.’® Patients with chronic wasting diseases and 
uremia frequently show pancreatic acinar dilatation and ductular pro- 
liferation.‘ In Kwashiorkor, ascribed to deficiency of protein, pan- 
creatic acinar cell atrophy and proliferation of intercalated ducts is a 
typical feature.?*** 

In other studies it was demonstrated that supplementation of the 
diets of steroid-treated rabbits with vitamin A or vitamin B,, did not 
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prevent the ductular lesion in the pancreas.” Furthermore, it was shown 
that animals kept on a calorically inadequate but balanced diet exhibited 
no definite lesion in the pancreas.? The present experiments represent 
an attempt to determine the effect on the pancreas of a calorically ade- 
quate but low protein diet. For this purpose a diet similar to that of 
lower class native Jamaicans who are subject to Kwashiorkor was 
utilized.* The morphologic alterations induced by this diet were com- 
pared with that seen after cortisone administration. 


MATERIAL AND METHODS 


Sixty-eight New Zealand white rabbits of both sexes, weighing be- 
tween 3,000 and 4,000 gm., were divided into 3 groups. 

Group 1 consisted of 18 rabbits which received Purina Rabbit Chow 
and water ad libitum. Four mg. per kg. of body weight of cortisone ace- 
tate were administered intramuscularly daily for 2 weeks; this was fol- 
lowed by 8 mg. per kg. daily thereafter up to 6 weeks, as survival per- 
mitted. 

Group 2 consisted of 38 rabbits who received a diet, the calculated 
composition of which is indicated in Table I. This was administered 


TABLE I 
CALCULATED COMPOSITION OF DIET PER HUNDRED cu.® 


White Green Corn Brown Powdered whole 

potatoes bananas meal sugar milk (Klim) Total 
Per cent in diet 20.0 22.5 30.0 20.0 7.5 100.0 
Protein (gm.) 2.1 1.2 0.3 2.2 5.8 
Fat (gm.) Trace 2.2 2.2 
Carbohydrate (gm.) 19.5 26.8 3.1 21.3 3.2 73.9 
Calcium (mg.) 11.3 9.3 0.3 16.9 79.1 116.9 
Phosphorus (mg.) $7.8 32.7 3.9 8.2 60.7 163.0 
Iron (mg.) 7.2 0.7 0.1 5.8 Trace 13.8 
Vitamin A (I.U.) 21.0 502.0 11.0 117.0 651.0 
Thiamine (mg.) 0.09 0.05 Trace 0.02 0.16 
Riboflavin (mg.) 0.03 0.06 Trace 0.12 0.21 
Niacin (mg.) 1.0 0.8 0.3 Trace 2.1 
Ascorbic acid (mg.) 14.4 11.7 0.5 26.6 
Calories 86.4 112.0 13.6 85.2 41.4 338.6 


ad libitum for periods up to 15 weeks. To prepare the diet the potatoes 
and bananas were peeled, boiled, drained and mashed. Sugar, corn meal 
and powdered whole milk were added and the ingredients blended to- 
gether. The mix was then spread thinly over aluminum foil sheets and 


* The diet was modified from one suggested by Dr. Clive B. Mendes, Tropical Metabolism 
Research Unit, University College of West Indies, Jamaica, B.W.I. 
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placed in a pre-heated oven. It took 40 minutes to 1 hour for the mixture 
to dry out into crisp sheets which were broken up into pellet-sized 
fragments. 

Group 3 consisted of 12 rabbits serving as controls and receiving 
Purina Rabbit Chow and water ad libitum. 

All animals were maintained in individual metabolic cages and 
weighed twice weekly. Glucose was determined by the Nelson-Somogyi 
micromethod ™ upon blood samples removed from the marginal ear vein 
3 times weekly. Surviving animals were sacrificed by overdosage with 
sodium Nembutal® at intervals of 1 week to 314 months after begin- 
ning treatment. 

Portions of pancreas, liver and kidney were fixed in formalin as well 
as Zenker-formol solution and processed as previously described.’® Sec- 
tions were stained with hematoxylin and eosin and by the periodic 
acid-Schiff (PAS) trichrome method ** controlled by diastase digestion 
for glycogen identification and by the aldehyde fuchsin trichrome 


method.?® 
RESULTS 


Group 1 


The response of the cortisone-treated animals was similar to that 
previously described.’* The rabbits showed a reduction in body weight 
which in many instances attained 20 to 30 per cent of the initial level. 
The degree of diabetes which developed was variable. Blood sugar levels 
ranged from 150 to 500 mg. per hundred cc. 

Morphologically, there were 3 groups of lesions in the pancreas. The 
first were those usually associated with diabetes, and consisted of de- 
granulation and glycogen infiltration of B cells as well as glycogen 
infiltration of duct cells. 

The second group of lesions was characterized by extensive hyper- 
plasia and hypertrophy of the intralobular ductules with associated 
intra-islet duct proliferation and changes in size and shape of islets 
(Fig. 1). In some areas the acinar tissue showed zones with profound 
regressive alterations. These were characterized almost entirely by 
proliferating ductules and atrophic acinar tissue with variable degrees 
of fibrosis. Many proliferating ducts contained inspissated and fre- 
quently laminated material in their lumens (Fig. 2). Proliferating duc- 
tules were seen within islets, frequently the seat of irregularity and 
lobation. These lesions could be first identified 8 days after starting 
cortisone treatment and thereafter became progressively accentuated. 

The third group of alterations consisted of focal peripancreatic fat 
necrosis with necrosis of adjacent acini (Fig. 3). This lesion usually 
appeared in animals treated for 4 weeks or more. 
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The livers in this group of animals showed normal overall lobular 
architecture but contained markedly increased amounts of glycogen. 
Renal tubular epithelium frequently exhibited vacuolation and glycogen 
infiltration, but no other consistent renal changes were found. 


Group 2 

The rabbits showed marked weight loss which varied individually 
and with the duration of treatment; it ranged from 20 to 50 per cent 
of the initial body weight. The fur became sparse and had a peculiar 
fuzzy appearance, losing its normal shiny sleekness (Fig. 4). Blood 
sugar levels remained within normal limits. 

The earliest lesion in the pancreas appeared after approximately 
9g weeks of treatment, and was usually more pronounced thereafter 
(Table II). Initially the pancreatic acinar cells became somewhat 
atrophic and shrunken, showed reduction in zymogen granule content, 
and frequently exhibited pyknotic hyperchromatic nuclei (compare 
Figs. 5A and 5B). Later this process was accentuated, and groups of 
shrunken necrobiotic acini appeared. Interspersed were areas with nor- 
mal acinar cells. There was also separation of lobules, apparently due 
to the acinar atrophy. In some instances atrophy was very pronounced, 
and the acini seemed to lie rather loosely within the supporting tissue 
stroma and to be separated from one another. There appeared to be a 
loss of their normal compactness and cohesiveness (Fig. 6). Acinar cells 
contained numerous small vacuoles; frequently the entire cytoplasm 
was vacuolated (Fig. 7). Zymogen granules were markedly diminished. 
Frequently, large vacuoles also contained aldehyde fuchsin-positive ma- 
terial. The ductular epithelium was slightly prominent but did not show 
definite proliferative activity. In instances of severe exocrine atrophy, 
there was also variable degranulation of B cells (Fig. 7). In addition, in 
some instances, there were areas of peripancreatitis and peripancreatic 
fat necrosis (Fig. 8). 

The liver exhibited progressive fatty metamorphosis and a well 
marked cirrhosis gradually developed (Table II). In the early stages 
the fat was usually but not invariably deposited in the central zone of 
the liver lobules (Fig. 9). Occasionally it varied irregularly from lobule 
to lobule, being spottily peripheral or mid-zonal in location. This phe- 
nomenon was paralleled by concomitant loss of glycogen in the areas so 
affected. Gradually the portal fields became stellate, and connective 
tissue septums extended into the lobular parenchyma and even to the 
centrilobular regions. Perilobular fibrosis eventually extended to com- 
plete dissection of the hepatic lobules (Fig. 10). The portal fields and 
the fibrous septums traversing the lobules contained a variable number 
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of inflammatory cells with a preponderance of segmented leukocytes and 
showed moderate ductular proliferation. During the later stages of the 
experiments, the fat-containing cells gradually disappeared, and increas- 
ing numbers of connective tissue septums penetrated the lobules. Re- 


TABLE IT 


MORPHOLOGIC ALTERATIONS IN EXOCRINE PORTION OF PANCREAS AND LIVER. 
38 RABBITS ON DEFICIENT DIET 


Number of animals 
8 8 8 8 6 
Duration of diet (weeks) 4-8 9-10 II-12 13-14 15 
Pancreas 
Loss of zymogen granules 
None 8 4 I 2 ° 
Moderate ° 4 3 3 
Severe ° ° 2 3 3 
Acinar atrophy 
None 8 5 3 I ° 
Moderate ° 3 4 4 2 
Severe ° ° I 3 4 
Vacuolation of acinar cells ° ° ° 3 4 
Focal peripancreatic fat necrosis 
None 8 8 8 7 3 
Moderate ° ° ° I 3 
Severe ° ° ° ° 
Liver 
Fatty metamorphosis 
None 4 2 ° ° ° 
Moderate 4 4 5 2 I 
Severe ° 2 3 6 5 
Fibrosis 
None 8 7 5 I I 
Moderate * ° I 3 5 2 
Severe ° ° 2 


* Periportal stellate fibrosis. 
+ Lobular dissection by fibrous bands. 


generative activity was present but varied considerably in different 
areas. Only small amounts of glycogen were seen in cells adjacent to 
portal fields and septums. No changes in Kupffer cells were observed, 
nor were there significant renal alterations. 


Group 3 


The control animals showed a gain varying up to 30 per cent of the 
initial weight, depending on the duration of observation. The blood 
sugar ranged between 95 and 197 mg. per hundred cc. In no instance 
were there lesions of the pancreas or liver comparable to those in the 
treated animals. 


$$ 
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DISCUSSION 


It has been shown that the feeding of rabbits with a deficient diet 
simulating that of poor native Jamaicans induces pancreatic acinar 
atrophy with no definite evidence of ductular proliferation. In addition 
there is occasionally an accompanying focal peripancreatic fat necrosis. 
These animals also exhibited marked weight loss, changes in fur, as well 
as fatty metamorphosis and eventually cirrhosis of the liver. This is 
similar to that which some authors have described in human Kwashior- 
kor .13-16.20,21 

Pancreatic acinar atrophy is encountered in various types of mal- 
nutrition. In addition to a lack of other food factors, these diets have 
as a common denominator a deficiency of protein. Other workers ?*?% 
have also reported pancreatic acinar atrophy after various types of low 
protein diets. Furthermore, it is well known that methionine deficiency 
induced by ethionine administration causes marked pancreatic acinar 
alterations.** These observations, taken in conjunction, make it most 
likely that the pancreatic acinar changes observed in the present study 
are the result of a protein or amino acid deficiency. However, in the 
human disease, methionine or choline therapy is not corrective whereas 
skim milk powder, which is high in protein, is.1*:?! This would suggest 
that either the low intake level of some other amino acid is causative 
or that an inadequate protein intake per se is the critical factor. The 
selective atrophy of pancreatic acini in protein malnutrition is probably 
related to the high rate of amino acid utilization for enzyme synthesis 
by this organ. It has been shown that the pancreas is the organ which 
forms the greatest amount of protein per unit weight.”° A deficiency of 
dietary protein or of amino acids would quickly reduce available pan- 
creatic enzyme protein precursors. Protein deficiency also has been 
suggested as a possible factor in the production of ductular proliferation 
as well as acinar alterations of the pellagrous Bantu.* However, the fact 
that in the present study marked protein deficiency was associated with 
only occasional ductular changes would seem to eliminate this as a 
causative factor. It would also indicate that the proliferation of inter- 
calated ducts reported *’° in human Kwashiorkor has some other basis. 

A comparison of the nutritionally induced pancreatic lesions with 
those encountered after steroid administration negates the view that 
ductular proliferation and dilatation produced by cortisone result from 
the increased protein catabolic action attributed to steroids. It is more 
likely that changes in the viscosity of the secretory substance in the duct- 
ules may be of significance. A similar explanation has been advanced for 
some of the pancreatic lesions seen in certain forms of malnutrition.® 
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The hypothesis? that steroids may have a direct stimulatory effect on 
pancreatic ductular epithelium also requires consideration. The only 
similarity between the pancreas in nutritional deficiency and after 
steroid therapy is the presence of peripancreatic fat necrosis. There is 
no presently available explanation for this lesion. 

In addition to the alterations in the exocrine portion of the pancreas, 
there was also some suggestion of loss of B cell granulation in the ani- 
mals on a restricted diet. This was present, however, only in some in- 
stances after long term treatment where a very marked atrophy of the 
exocrine component was manifest. In view of the large amounts of 
cysteine required for insulin synthesis, it is possible that its lack in the 
diet may constitute a basis for B cell degranulation. A similar view- 
point has been expressed by Griffiths,?® who showed that rabbits on a 
diet low in methionine and cysteine exhibited decreased pancreatic in- 
sulin content. On the other hand it has been well established that 
cortisone-induced B cell degranulation is a result of increased insulino- 
genesis associated with 

Fatty metamorphosis and cirrhosis of the liver induced by diet have 
been described extensively by many workers.’*-1*-165!-83 These are 
thought to be the result of deficiency of either protein or of lipotrophic 
factors. In Kwashiorkor it has been shown that the morphologic changes 
in the pancreatic acini are accompanied by a reduction of intestinal pan- 
creatic enzyme content.**-1* It has been suggested that the pancreatic 
lesions precede the hepatic alterations.’* The fatty changes in the liver 
are thought to be due to a loss of pancreatic enzymes from the intestine 
and, therefore, appear to be pathogenetically related to hepatic lesions 
seen after pancreatectomy.** However, in the present investigation the 
fatty liver appeared pari passu with or even prior to the pancreatic acinar 
atrophy. The hepatic lesions in protein malnutrition or Kwashiorkor are, 
therefore, a direct result of the deficient diet and not secondary to a 
pancreatic lesion. 

SUMMARY 


A study of experimentally induced Kwashiorkor was conducted in 
rabbits, and the morphologic alterations were compared with those in- 
duced by prolonged steroid administration. The diet utilized was similar 
to that of poor class native Jamaicans and was high in carbohydrate, 
low in fat, and low in protein. The animals showed up to 50 per cent 
decline in weight and marked loss of hair. There were severe degrees of 
pancreatic acinar atrophy, but contrary to observations in human sub- 
jects there was no evidence of ductular proliferation. 

From these observations it was concluded that the pancreatic ductular 
proliferation encountered in cortisone-treated animals is not due to the 


| 
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protein catabolic action of the steroid but is related rather to some other 
effect of this hormone. The acinar atrophy seen in nutritionally defi- 
cient animals is attributed to lack of protein or of essential amino acids, 
particularly methionine. 

Peripancreatic fat necrosis and focal pancreatitis were not uncommon 
in both steroid and diet treated animals. No explanation for the patho- 
genesis of these lesions is available. 

The rabbits subjected to the dietary regimen also showed varying 
degrees of fatty metamorphosis in the liver with eventual development 
of cirrhosis. Since the hepatic alterations preceded or developed parallel 
with those in the pancreas, they are considered to be a primary effect 
of the diet and not secondary to impaired pancreatic function. 
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LEGENDS FOR FIGURES 


Fic. 1. Pancreas of rabbit treated with 4 mg. per kg. of body weight of cortisone 
acetate daily for 2 weeks and then 8 mg. per kg. daily for an additional 4 weeks. 
There is marked proliferation of intercalated ducts (D). The islets (I) are ir- 
regular and show almost complete B cell degranulation. Periodic acid-Schiff 
(PAS) trichrome stain. X 125. 


Fic. 2. Pancreas of rabbit treated as in Figure 1. A lobule is composed of proliferat- 
ing dilated ductules with dedifferentiated acinar tissue. PAS trichrome stain. 
X 280. 


Fic. 3. Pancreas of rabbit treated as in Figure 1. Pancreatic fat necrosis is manifest 
(arrow). PAS trichrome stain. X 95. 


Fic. 4. A rabbit on deficient diet for 14 weeks. The animal is markedly undersized. 
The fur is somewhat sparse and has lost its normal sleek and shiny appearance. 
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5A. Normal rabbit pancreas showing compact structure, granulated B cells 
(I) and obvious zymogen granules. Aldehyde fuchsin stain. X 640. 


5B. Pancreas of a rabbit on deficient diet for 12 weeks. There is moderate 
acinar atrophy, depletion of zymogen granules and nuclear pyknosis of acinar 
cells. Aldehyde fuchsin stain. x 640. 


6. Pancreas of a rabbit on deficient diet for 12 weeks. Acinar atrophy and loss 
of cohesiveness of pancreatic structure are evident. A portion of a well granu- 
lated islet (I) is present. Aldehyde fuchsin stain. X 375. 


7. Pancreas of a rabbit on deficient diet for 14 weeks. There is B cell de- 
granulation (I), acinar atrophy and vacuolation. Aldehyde fuchsin stain. X 500. 
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Fic. 8. The same pancreas shown in Figure 7. Focal pancreatitis and fat necrosis 
are manifest. Aldehyde fuchsin stain. X 280. 


Fic. 9. Rabbit on deficient diet for 15 weeks. Fibrous septums dissect the hepatic 


lobules. There is also an infiltrate of lymphocytes and plasma cells. Hematoxylin 
and eosin stain. X 125. 


Fic. 10. Rabbit on deficient diet for 12 weeks. The liver shows deposition of fat in 
centrilobular regions. Hematoxylin and eosin stain. X 95. 
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THE RELATIONSHIP OF PLASMA AMYLASE TO 
PANCREATIC DAMAGE INDUCED BY ETHIONINE 


Tuomas D. Kinney, M.D., NatHan Kaurman, M_.D., Janis V. Kiavins, M.D., 
Rocer W. Marsters, Px.D., anp Cuinc Y. Tsenc, M.D. 


From the Department of Pathology, Western Reserve University School of Medicine 
at Cleveland Metropolitan General Hospital,* Cleveland, Ohio 


It has been shown repeatedly’ *° that ethionine will produce pan- 
creatic acinar and hepatocellular damage in rats, presumably by compe- 
tition with its analogue methionine. In a previous study,’ it was found 
that active regeneration of acinar cells of the pancreas occurred after 
28 days, while the animals were still being given ethionine. After 63 days 
of continuous feeding of ethionine, the regenerated areas in the pancreas 
were more differentiated, and complete acini were formed, giving the 
appearance of normal pancreas. During the early period of these experi- 
ments, the animals had lost considerable body weight, but by the end 
of the 63-day experimental period most of the weight lost had been re- 
gained. These observations raised the possibility of a return of function, 
concomitant with the acinar regeneration and recovery of body weight. 
Others have shown that following the administration of ethionine there 
was a lowering of serum amylase values.’ However, these were for short 
term experiments, and no data are available regarding the serum amylase 
levels in animals given ethionine for prolonged periods. Therefore, the 
present experiments were undertaken to determine if the regeneration 
of pancreatic acini which occurs during prolonged ethionine feeding is 
accompanied by a return of function as indicated by serum amylase 
values. 

The experiment was divided into two parts. Part I was designed to 
determine the early effects of dl-ethionine upon amylase levels while 
part II was set up to evaluate the long-term effect of ethionine on amyl- 
ase levels in the blood. 


MATERIAL AND METHODS 
Part I 


Seventy-two male albino rats of Sprague-Dawley strain, each weighing 
approximately 330 gm. were used. The animals were housed in groups 
of 4 per cage, and each animal was weighed daily. Water and food were 

This work was supported by United States Public Health Service Grant No. A-1388. 
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administered ad libitum, except for the animals in the weight control 
group (group III). The rats were divided into 3 groups. Group I con- 
tained 24 animals, which were fed a basic diet supplemented with o.5 
per cent dl-ethionine. Group II was made up of 24 animals which were 
fed the basic diet without ethionine supplement. Group III consisted 
of 24 animals which were used for weight controls and were fed the 
basic diet in limited amounts to produce approximately the same weight 
changes as those in the animals fed ethionine. 

The basic synthetic diet had the following composition: glucose, 67 
gm.; vitamin free casein, 18 gm.; salt mixture,!* 4 gm.; corn oil, 11 gm. 
(containing 0.001 cc. halibut liver oil). Crystalline vitamins were added 
in the following amounts per hundred gm. of diet: thiamine chloride, 
400 pyridoxine hydrochloride, 400 riboflavin, 800 »g.; calcium 
pantothenate, 1,500 »g.; and nicotinic acid, 2,500 ug. 

Four animals from each group were sacrificed after experimental 
periods of the following lengths: 8, 14, 20, 26 hours, and 2 and 3 days. 
All the rats were fed at 6:00 p.m., as the animals consumed most of 
their food during the night. The animals were fasted for 2 hours prior 
to obtaining blood samples, to avoid amylase changes due to very recent 
consumption of food. It has been reported **"** that diet affects the 
serum amylase levels and feeding stimulates enzyme secretion of the 
pancreas.’®* A few drops of blood were collected from a tail vein into 
a vial containing heparin. The blood was then drawn into capillary tubes, 
centrifuged, and the plasma separated by breaking the tube. A micro- 
method was developed for the determination of plasma amylase ** which 
was a modification of the method of Myers, Free and Rosinski.’* Each 
specimen was run in duplicate together with a plasma blank, a starch 
blank, and a glucose standard. The amylase determinations were carried 
out simultaneously on blood samples from the ethionine-fed animals and 
the normal and weight control animals in order to have comparable re- 
sults. Amylase was determined daily for 3 days prior to the administra- 
tion of ethionine, or before the animals were fed the basic diet in limited 
amounts. These determinations were used to establish a mean amylase 
value for each animal to serve as a point of reference. Following this, 
one amylase determination was carried out on each animal sacrificed 
at 8 hours. Each animal that was allowed to live for 14 hours had 2 
serum amylase determinations, one at 8 and the other at 14 hours. Each 
animal that was allowed to survive the first 2 experimental periods had 
3 serum amylase determinations, one immediately preceding sacrifice 
and one during each of 2 preceding experimental periods, and so on. 

The animals were sacrificed under ether anesthesia. At necropsy, 
salivary glands, pancreas, and liver were removed, fixed in ro per cent 
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buffered formalin and weighed. Sections were stained with hematoxylin 
and eosin. Sections from liver were also stained with Sudan IV for fat. 
Histologically, the liver fat was graded from o to 8+. The histologic 
alterations in liver and pancreas were graded from o to 7+. 


Part II 


The control groups in part II were set up differently from those for 
part I. This was done because it was found that there was a reduction 
in the plasma amylase levels in the animals in part I which were placed 
on restricted caloric intake in order to serve as weight control animals. 
For this reason, it was considered advisable to use pair-fed animals as 
controls rather than animals fed ad libitum. Also, it was felt that while 
the latter were satisfactory for a short-term experiment, pair-fed con- 
trols on an isocaloric diet would more truly reflect changes due to the 
reduced intake of food alone. In this part of the experiment it was not 
considered necessary to establish a base line for each individual animal 
prior to the beginning of the experiment, since after such a base line 
had been established in part I, it was found that the percentage varia- 
tions in plasma amylase were essentially similar whether they were 
compared to their own base line or to normal controls. 

One hundred and fifty-six male albino rats, each weighing approxi- 
mately 275 gm., were used. They were divided into 3 experimental 
groups. Group I animals were fed the ethionine-containing diet ad 
libitum. Group II animals were pair-fed controls and received the basic 
diet. Group ITI animals were used as control animals for weight loss and 
received the basic diet in limited amounts to match approximately the 
weight changes occurring in group I animais. The diets had the same 
composition as outlined above. Group I and II animals were housed 
individually, and those of group III were housed 4 per cage. Plasma 
amylase determinations were done 4, 6, 8, 10, 14, 18, 22, 28, 36, 44, 52, 
and 60 days following the first administration of ethionine. The experi- 
ment was arranged so that at each interval 12 determinations were per- 
formed from each group simultaneously. On the fourth day, 8 determina- 
tions were performed from each group. At each interval, 4 animals from 
each group were sacrificed. At 60 days, 12 animals were sacrificed from 
each group. In all other respects, the experiments were performed es- 
sentially as described in part I. 


RESULTS 
Plasma Amylase Values—Part I 


The changes in plasma amylase are indicated in Text-figures 1 and 2 
and Tables I to III. The first significant changes in the amylase levels 
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were observed at 20 hours. These were present in the animals in both 
the ethionine-fed group (group I) and the weight control group (group 
III). The amylase level was 9,548 + 1,657 in the former and 8,963 + 
2,100 in the latter, whereas in the normal controls (group II) it was 
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TEXT-FIGURE 1. Changes in plasma amylase values associated with ethionine feeding 
(group I, basic diet plus 0.5 per cent ethionine; group II, basic diet fed ad libitum; group 
III, basic diet, weight controls). 


11,226 + 1,699. The differences between the ethionine-fed group and 
normal controls (groups I and II) and weight controls and normal con- 
trols (groups III and II) were statistically significant (Table II). There 
was no significant difference in amylase values between the animals fed 
ethionine and the weight control rats at 20 hours. 

After 26 hours, 2 days, and 3 days, the differences among the 3 groups 
were significant (Table II). The plasma amylase values were signifi- 
cantly lower in animals fed ethionine (group I) than in normal or weight 
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control animals. The plasma amylase in the weight control rats (group 
III) was significantly lower than in normal control animals (group IT) 
but significantly higher than in animals fed ethionine (group I). 


TABLE I 


PLASMA AMYLASE VALUES 
(EXPERIMENT 1) 


Time intervals 
14 hr. 20 hr. 26 hr. 2 days 
No. of determinations per group 
Group 10 12 16 12 


Group I 
Basic diet + 0.5% 
ethionine 
Base line 11,597 11,023 
+ 1,784 + 1,490 
Experimental 11,553 10,361 
$1,966 +1,825 
Group II 
Basic diet 
ad libitum 11,726 
= 2,166 
Group III 
Basic diet, 
limited intake 
Base line 


Experimental 


TABLE II 


STATISTICAL ANALYSIS (p VALUES) OF PLASMA AMYLASE 
(EXPERIMENT 1) 


Time 
Compared groups 8 hr. 14 hr. 20 hr. 
I and II >o.1 >o.1 < 0.05 


> 0.01 
I and III > 0.1 >o.1 


II and III >o.1 >o.1 < 0.01 


Group I: Basic diet + 0.5% ethionine 
Group II: Basic diet ad libitum 
Group III: Basic diet, weight controls 


The amylase values are expressed as absolute values in Table I and 
Text-figure 1. For purposes of comparison, the amylase values for the 
group I and III animals at the various intervals were computed in terms 


8 
11,680 12,411 12,286 12,149 
+ 1,754 1,647 + 1,278 + 1,123 
9,548 8,184 6,062 5,803 
= 1,657 = 1,473 1,214 + 1,092 
11,226 11,873 11,453 10,715 
+1699 +1433 $1,585 241,447 
11,358 11,735 11,688 11,716 
1,797 1,634 1,654 1,314 + 936 
a 10,610 9,836 8,963 9,887 9,685 8,857 i 
= 2,045 + 1,763 = 2,100 =e 2,126 + 1,008 + 436 
< 0.01 < 0.01 < 0.01 
> 0.01 
< 0.01 < 0.01 < 0.01 
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of the per cent of the normal control values and in terms of the per cent 
of the individual animal’s base line which was established before the 
animal was placed on the experimental regime. This was done to control 
any variations in the methods due to environmental factors present at 
the time the determinations were made, as well as variations in indi- 
vidual animals. The curves designated A in Text-figure 2 represent the 
per cent of the amylase values in the animals fed ethionine and in those 
used as weight controls when each of these values was compared with 
the normal controls. At any given time interval, the point of reference 
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TEXT-FIGURE 2. Changes in plasma amylase. A. Expressed as percentage of normal 
controls for corresponding time interval. B. Expressed as percentage of values in same 
animal prior to ethionine administration (group I, basic diet plus 0.5 per cent ethionine; 
group III, basic diet, weight controls). 


hours 


for the normal control was considered to be 100 per cent. The curves 
designated B in Text-figure 2 represent the per cent of the amylase at 
different times when compared with the values established for each ani- 
mal at the beginning of the experiment and before the animal had been 
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placed on an experimental diet. From this it can be seen that the per- 
centages obtained with both methods produce curves that are similar. 
The per cent decrease from the amylase values obtained for the normal 
control animals rather than the per cent variations from their own base 
line was chosen for statistical analysis, since these determinations were 
done simultaneously (Table III). As noted above, the first significant 
decrease in amylase values was observed at 20 hours. This decrease was 
essentially similar in both the weight control and the experimental ani- 
mals. At 26 hours there was a further drop in the amylase level of the 


TABLE III 


AMYLASE VALUES 
(EXPERIMENT I) 


Time Interval 
Point of reference Tt 8 hr. 14 hr. 20 hr. 26 hr. 2 days 3 days 


Groups * 
I 


A. Normal controls 99 91 81 69 51 54 
B. Base line 100 904 82 66 49 48 


iil 


A. Normal controls go go 80 83 85 83 
B. Base line 95 gi 79 84 83 76 


* Group I: Basic diet + 0.5% ethionine. 
Group III: Basic diet, weight control. 

+ A: Expressed as percentage of normal controls for corresponding time interval. 

B: Expressed as percentage of values in same animal prior to ethionine administration. 


ethionine-fed animals, but no further decrease in amylase values in the 
weight control animals. The amylase levels in the experimental animals 
continued to fall for 2 days and then leveled off, whereas the amylase 
levels in the weight control animals remained approximately the same 
level as at 20 hours (Text-fig. 2). 


Plasma Amylase Values—Part II 


The results are indicated in Table IV and Text-figure 3. 

The values for the animals fed ethionine (group I) were markedly 
lower than those for either of the 2 control groups. These depressed 
levels were noted at 4 days and remained low for the duration of the ex- 
periment (Text-fig. 3 and Table IV). Further, once these low levels 
were reached, there were no statistically significant variations at any 
time during the experiment. 


Weight Changes—Part I 


The animals in group I steadily lost weight during the experiment. 
The normal control animals did not show any significant change in 
weight. The average weights of livers and pancreases at different ex- 
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perimental periods are indicated in Tables V and VI. There were no 
significant differences in the weights of the pancreases. In the ethionine- 
fed animals, the liver weights fell below the level of the normal control 
rats after 3 days. In the weight control animals, the livers weighed less 
than in the normal control rats and in the ethionine-fed animals. 
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TEXT-FIGURE 3. Changes in plasma amylase values associated with ethionine feeding 
(group I, basic diet plus o.5 per cent ethionine; group II, basic diet, pair-fed controls; 
group III, basic diet, weight controls). 


Weight Changes—Part II 


The weight changes are indicated in Text-figure 4. As noted in pre- 
vious experiments,’ there was initial weight loss followed by weight gain. 
The weights of livers and pancreases are indicated in Tables VII and 
VIII and Text-figures 5 and 6. During the first 8 days the absolute and 
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relative liver weights decreased (Text-fig. 5 and Tables VII and VIII). 
After this time there was a steady rise in both the absolute and relative 
liver weights so that by 44 days the relative liver weights exceeded 
those of the controls (Text-fig. 5 and Table VIII). On the other hand, 
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TEXT-FIGURE 4. Weight changes associated with ethionine feeding (group I, basic 
diet plus 0.5 per cent ethionine; group II, basic diet, pair-fed controls; group III, basic 
diet, weight controls). 


the weights of the pancreases of the animals fed ethionine decreased both 
absolutely (Table VII) and in relation to body weights (Table VIII 


and Text-fig. 6). The weights of the pancreases of the pair-fed and 
weight control animals did not change significantly. 
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TABLE V 


WEIGHTS OF PANCREAS AND LIVER IN GM. 
(EXPERIMENT I) 


Experimental Time 
groups Organs 8 hr. 14 hr. 20 hr. 26hr. 2 days 3 days 
Group I 
Basic diet + 0.5% 
ethionine Pancreas 1.30 1.16 1.07 0.97 1.45 1.19 


Liver 12.46 12.26 11.64 10.55 10.45 9.21 


Group II 
Basic diet ad libitum Pancreas 1.11 1.09 1.02 I.1I 1.48 1.26 
Liver 12.13 11.29 11.22 9.87 11.28 11.27 
Group III 
Basic diet, weight 
controls Pancreas 1.48 1.07 1.00 1.04 1.37 1.09 
Liver 8.97 9.72 9.96 9.23 9.14 8.34 
TABLE VI 


WEIGHTS OF PANCREAS AND LIVER AS PER CENT OF TOTAL BODY WEIGHT 
(EXPERIMENT I) 


Experimental Time 
groups Organs 8 hr. 14 hr. 20 hr. 26 hr. 2 days 3 days 
Group I 
Basic diet + 0.5% 
ethionine Pancreas 0.41 0.36 0.32 0.29 0.44 0.37 
Liver 3.91 3-77 3-49 3.18 3.15 2.83 
Group II 
Basic diet ad libitum Pancreas 0.34 0.34 0.30 0.32 0.43 0.36 
Liver 3-77 3.50 3.35 2.89 3.28 3.24 
Group III 
Basic diet, weight 
controls Pancreas 0.48 0.34 0.30 0.31 0.42 0.33 
Liver 2.89 3-11 3.02 2.73 2.77 2.55 


Histologic Alterations—Part I 


The histologic changes found in the experimental animals fed ethi- 
onine were identical to those previously reported.’”° Briefly, in the pan- 
creas these consisted of decrease in basophilia and vacuolation of acinar 
cells. There was decrease or absence of zymogen granules in the acinar 


— 
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cells which had undergone degenerative alterations, as evidenced by 
pyknotic nuclei and vacuolation of cytoplasm. There was no histologi- 
cally demonstrable reduction of zymogen granules in other acinar cells, 
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TEXT-FIGURE 5. Weight changes of liver expressed as per cent of total body weight 
(group I, basic diet plus 0.5 per cent ethionine; group II, basic diet, pair-fed controls; 
group III, basic diet, weight controls). 
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which only had loss of basophilia. In the liver there were varying degrees 
of fatty metamorphosis, necrosis of parenchymal cells and infiltration 
by round cells. No lesions were noted in the salivary glands. 
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TEXT-FIGURE 6. Weight changes of pancreas expressed as per cent of total body weight 
(group I, basic diet plus 0.5 per cent ethionine; group II, basic diet, pair-fed controls; 
group III, basic diet, weight controls). 


The histologic changes in the pancreas and liver were graded and re- 
corded in Table IX. 


Histologic Alterations—Part II 


The lesions present in the pancreas were similar in kind to those seen 
in the animals in part I but were more marked. In addition, as the ex- 
perimental periods became longer there was shrinkage and loss of acinar 
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TABLE IX 


HISTOLOGIC CHANGES AND PLASMA AMYLASE VALUES 
(EXPERIMENT 1) 


Time intervals 


8 hr. 14 hr. 20 hr. 26 hr. 2 days 3 days 
Pancreas 
Decrease of basophilia 
Group I ° 1+ 2+ 4+ 5+ 5+ 
Group II ° ° ° ° ° ° 
Group III ° I+ 3+ 4+ 4+ 3+ 
Vacuolation 
Group I ° ° 1+ 1+ 2+ 2+ 
Group II ° ° ° ° ° ° 
Group III ° ° I+ I+ 1+ I+ 
Nuclear pyknosis 
Group I ° ° ° 1+ 2+ 2+ 
Group II ° ° ° ° ° ° 
Group III ° ° I+ I+ I+ i+ 
Liver 
Fat 
Group I 2+ 3+ 4+ 4+ 6+ 5+ 
Group II I+ 1+ 1+ 1+ 1+ 2+ 
Group III a+ 2+ 2+ 2+ 2+ I+ 
Round cell infiltrate 
Group I ° 1+ 3+ 4+ 2+ 1+ 
Group II ° ° ° ° ° ° 
Group III ° ° ° ° ° ° 
Necrosis 
Group I ° 1+ 2+ 3+ 3+ 3+ 
Group II ° ° ° ° ° ° 
Group III ° ° ° ° ° ° 
Plasma amylase 
Group I 11,553 10,361 9,548 8,184 6,062 5,803 
Group II 11,726 10,919 11,226 11,873 11,453 10,715 
Group III 10,610 9,836 8,963 9,887 9,685 8,857 


cells as well as entire acini, replacement of pancreatic tissue by fat, and 
later regeneration of acini. With the shrinkage and loss of the acinar 
cells as well as with the loss of acini, there was overall decrease of 
zymogen granules when compared with the control animals. In the 
younger cells undergoing regeneration there were relatively few zymogen 
granules, but in the more mature cells which had regenerated, zymogen 
granules were present in the same number as in the control animals. In 
the liver, in addition to the changes described in part I, there was bile 
duct proliferation and regeneration. The changes were graded and are 
recorded in Table X. 
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No striking differences were found between the salivary glands of the 
experimental animals and the 2 control groups during the first 18 days 
of the experiment. After 22 days of ethionine administration, there was 
a reduction in size of the acinar cells and acini of the submaxillary gland. 
No changes were seen in the parotid and sublingual glands at this time. 

After 36 days, the alterations in the submaxillary gland were more 
marked, and the cytoplasm was more eosinophilic. At this time, the first 
changes in the parotid and sublingual glands were noted. The nuclei 
became rounded, increased in size, and tended to be more centrally 
located. These changes were less apparent in the sublingual glands, 
which did not show any further alterations up to the end of the experi- 
ment. Loring and Hartley® also described more severe lesions in the 
submaxillary glands than in the sublingual glands. 

After 52 and 60 days, the changes in the submaxillary gland were 
more marked than at 36 days. The lobules were spaced farther apart. 
In the parotid glands, the most marked changes were seen during these 
periods. The nuclei were larger, rounded, and less peripherally placed 
in the cell. The cytoplasm had lost some of its basophilia and in some 
situations was occasionally eosinophilic. 


DISCUSSION 


The histologic changes which developed in the pancreas during ethi- 
onine administration were similar in kind to those that have been ob- 
served by ourselves and others.’-”° Also, it has been shown that many 
of the pancreatic acini of animals during ethionine administration re- 
generated to such a degree that they resembled functioning acini.’* 
Similar evidence of regeneration was found in the present experiments. 
Regeneration of acini first was noted in the animals after 18 days, and 
this became more marked as the experiments progressed, so that the ani- 
mals showing the greatest degree of regeneration were those on the ex- 
perimental regime for the longest periods of time. However, there was 
loss of pancreatic substance at the end of the 60-day experimental period 
as indicated by the lower weights of the pancreases when compared with 
the weights of the pancreases of the pair-fed control rats. The loss of 
weight of the pancreases in the experimental group becomes even more 
significant when the increase of fat tissue in the pancreas is considered. 
This suggests that the loss of acinar tissue is even greater than is re- 
flected by the lower weights of these organs in the experimental group 
since the increase in fat indicates a further replacement of acinar tissue. 

There was a progressive decrease of plasma amylase in the animals 
fed ethionine, beginning 20 hours after the start of the experiment. This 
fall in the amylase values continued until the second day when the values 
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became stabilized at a reduced level and did not vary significantly 
throughout the duration of the experiment. When the levels of blood 
amylase are matched with the histologic lesions in the pancreas, the first 
significant drop in amylase corresponded to a marked reduction in 
basophilia and slight vacuolation, slight nuclear pyknosis and slight 
loss of zymogen granules of the pancreatic acinar cells. There was 
greater loss of basophilia, and the extent of vacuolation, nuclear pykno- 
sis, and loss of zymogen granules became progressively more marked 
as the experiment continued, but the amylase values remained essen- 
tially the same. 

From a study of the results, it appeared that vacuolation and nuclear 
pyknosis tended to parallel the amylase values more closely than baso- 
philia. The latter was decreased in equal degree in the experimental and 
weight control animals in part I for the first 26 hours of the experimental 
period. While basophilia and amylase values decreased in the weight 
control animals during the first 20 hours, there was no further decrease 
in the plasma amylase levels in these control animals even though baso- 
philia was decreased. However, loss of basophilia did appear to parallel 
approximately the loss of weight in both the experimental and weight 
control animals. 

Significant histologic changes in the livers of the experimental animals 
were first noted after 20 hours. There was moderate increase in fat, 
focal round cell infiltration, and slight central necrosis. As the experi- 
mental period continued, the fatty changes increased up to ro days, and 
necrosis became more pronounced until the third week of the experi- 
ment. After those periods, these lesions became less marked. Regenera- 
tion of the liver was noted early and became more marked as the experi- 
ment progressed. The fall in plasma amylase values coincided with the 
first appearance of significant liver damage at 20 hours and continued 
to parallel the severity of damage up to 48 hours. After this, although 
the liver damage became more pronounced and the liver weights in rela- 
tion to body weights decreased, there was no further reduction of plasma 
amylase levels, nor was there a corresponding rise in amylase values 
during the period of liver regeneration and liver weight increase. 

The histologic changes in the parotid glands of the experimental ani- 
mals were never marked. The first alterations noted in the submaxillary 
glands appeared after 22 days and in the parotid and sublingual, after 
36 days. No correlation could be found between the histologic changes 
in the salivary glands and the serum amylase levels. These findings are 
in agreement with those of Wiberg and Tuba," who found there were 
no significant changes in the amylase levels of parotid gland tissue dur- 
ing ethionine administration. 
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It has been demonstrated that starvation brings about a reduction 
in serum amylase levels.’"'® While none of the animals in the present 
experiment were starved, there was a significant lowering of plasma 
amylase after 20 hours in the animals whose food intake was restricted. 
These lower levels were maintained throughout the experiment, but they 
remained considerably higher than the plasma amylase levels of the 
animals fed ethionine. The only histologic change noted in these animals 
not found in the animals fed ad libitum in part I or in the pair-fed con- 
trol animals in part II was a slight loss of basophilia of the acinar cells 
of the pancreas. 

There is no general agreement regarding the origin of amylase found 
in the blood serum.1:?°*° It has been assumed by some**° that the 
pancreas contributes small quantities of amylase to the blood, and it is 
known that when extensive acute inflammation of the pancreas or a 
sudden obstruction of its ducts takes place, the amount of amylase en- 
tering the blood is greatly increased.** However, no satisfactory infor- 
mation is available regarding the fraction of the serum amylase that is 
contributed by the pancreas. 

As the experiment progressed and the pancreases became smaller and 
smaller, it was puzzling to find that the amylase values did not continue 
to drop. Further, histologic evidence of regeneration of the pancreas 
was noted in all animals after 18 days on the experiment, but there was 
no change in plasma amylase values. It is possible that from this time 
on, the number of regenerating acini kept pace functionally with the 
number of degenerating acini so that the amylase values were main- 
tained. However, it is difficult to accept this explanation in its entirety, 
since the actual weight of pancreatic tissue continued to decline. An- 
other possible explanation for these unchanging low amylase levels is 
that they represent minimal amounts of the enzyme synthesized else- 
where in the body and present in the serum and that little or no amylase 
was being produced by the pancreas. 

It is not possible to compare the present observations directly with re- 
sults obtained by others, since the purpose and design of the experi- 
ments are not comparable. Nevertheless, there are certain observations 
which are of interest. Other investigators **-** have found that after an 
initial decrease there was a transient elevation of serum amylase levels 
following ethionine administration. Sidransky and Farber * found that 
the pancreas of the ethionine-treated rat contained significantly more 
protein, amylase, and total proteolytic enzyme activities and acid soluble 
nitrogen than the pancreases of control animals. In these experiments, 
ethionine was given intraperitoneally in a single large dose, and deter- 
minations were made after 7 and 24 hours. In all of the experiments in 
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which the serum amylase was elevated, the degree of pancreatic damage 
described was much greater than in the animals used in the present ex- 
periments. This increase in serum amylase has been explained as being 
due to increased permeability of cells * or to breakdown of the barrier 
between pancreatic acini and the blood vessels because of pancreatic 
acinar damage.*:** 

In experiments where ethionine administration was continued, there 
was an eventual and significant fall to subnormal levels of serum amyl- 
ase values. Bollag and Gallico? found a marked reduction in the level 
of amylase in pancreatic tissue following ethionine administration. 
Wiberg and Tuba” gave rats intraperitoneal injections of 100 mg. of 
ethionine daily for 14 days. At the end of 14 days, the serum amylase 
values were approximately 50 per cent of those of the control animals, 
while the tissue levels in the pancreas were approximately 1.5 per cent 
of the control animals. Others found there was a decrease in the total 
amount of pancreatic juice ** as well as in the output of pancreatic 
amylase * in ethionine-induced pancreatitis in dogs. In other experi- 
ments, there was a return to normal levels of plasma amylase after ethi- 
onine administration had been discontinued.®* In this connection it is of 
interest that Younathan and Frieden ** demonstrated inhibition of syn- 
thesis of pancreatic amylase in vitro by ethionine and other amino acid 
analogues. 

In general, the results obtained by others are in agreement with the 
present data. The experiments reported here were designed to determine 
if the plasma amylase levels would reflect pancreatic injury and then 
return to normal when regeneration of the pancreas occurred during 
ethionine administration. Therefore, ethionine was administered in older 
animals in quantities calculated to produce significant pancreatic dam- 
age but not to inflict damage incompatible with life for an extended 
period. It appears, then, that plasma amylase levels are significantly 
lowered during ethionine administration and remain at low levels so 
long as the animals receive ethionine, even though there is histologic 
evidence of pancreatic regeneration as well as regeneration of the liver 
and a concomitant increase of body weight. 


SUMMARY 


Male rats were fed 0.5 per cent ethionine. The animals were sacrificed 
at intervals ranging from 8 hours to 60 days. The histologic changes in 
the pancreas, liver, and salivary glands were evaluated. Plasma amylase 
determinations were made throughout the experiments. 

There was a significant decrease in plasma amylase values 20 hours 
after the start of the experiment. The fall in plasma amylase values 
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paralleled the appearance of degenerative changes in the acinar cells of 
the pancreas. 

Regeneration of the acinar cells of the pancreas was first noted on 
the 18th experimental day and became more pronounced as the experi- 
ments continued. However, this process was not accompanied by a rise 
in plasma amylase levels. 
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CHRONIC PULMONARY EMPHYSEMA 
(AN EXPERIMENTAL STUDY) 


I. Historica Review 


H.T.G. Srrawsrwce, M.D., M.R.C.P.E., F.R.C.P.(C) .* 


From the Departments of Pathology, The University of Liverpool, England, 
and the Winnipeg General Hospital, Winnipeg, Manitoba, Canada 


It appears that certain aspects of the anatomy and pathogenesis of 
human chronic vesicular pulmonary emphysema have received rela- 
tively little attention in recent years, and the review which follows is 
intended solely to emphasize these aspects of the subject. 

The traditional subdivisions of chronic vesicular emphysema will be 
used, viz.: compensatory (complementary or vicarious) ; senile; hyper- 
trophic (obstructive, essential substantive or idiopathic). 


Morsiw ANATOMY 


Kountz and Alexander ' in 1934, gave references to the earliest usage 
of the term emphysema, but no systematic account of pulmonary em- 
physema was available until 1819 when Laennec ” published his treatise. 
Laennec distinguished between vesicular emphysema, where the distend- 
ing air was contained within the air spaces of the lungs, and interstitial 
emphysema. 

The first microscopic description of vesicular emphysema was that 
of Rainey * in 1848. The earliest emphysematous change was dilatation 
of the alveoli and widening of the meshes of the capillary net; subse- 
quently, gaps or pores appeared in the alveolar walls. Progressive en- 
largement of these fenestrations led to destruction of the alveolar walls. 
Extension of the process caused fusion of the neighboring air sacs and 
the formation of larger bullae. Rokitansky* in 1861, confirmed this 
description and considered the process an atrophy of lung tissue. Roki- 
tansky recognized senile emphysema and described vicarious or com- 
plementary emphysema developing about areas of consolidation. He 
next separated off substantive emphysema, his description corresponding 
to that of hypertrophic or obstructive emphysema today. 

A year later, Waters® gave an excellent histologic account of the 
lesions. The earliest stage was dilatation of the alveolar ducts and alveo- 
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lar sacs. The elastic fibers became more widely separated but showed no 
other change. At this stage there appeared “perforation of the walls 
themselves.” “This is at first but slight. Here and there a circular or 
oval opening may be seen in the membrane: as the disease progresses, 
these openings become more numerous, and larger: in some instances 
the whole of the walls of the air sacs and the septa of the alveoli being 
perfectly riddled with small openings, so that a horizontal section of 
the lung substance has a cribriform appearance. These openings are for 
the most part either circular or slightly oval. They exist in all parts of 
the walls, and are often seen in the septa between the alveoli, before the 
air sacs are sufficiently distended to obliterate the septa.” Waters went 
on to describe the formation of the larger lesions by an extension of 
this process. His work has been quoted verbatim as it is the last detailed 
account of this type to appear in the English literature. 

In 1864, Niemeyer ° confirmed the work of the previous authors. He 
distinguished between acute and chronic emphysema and emphasized 
that the histologic changes in chronic vicarious or complementary em- 
physema were identical to those in the generalized substantive (hyper- 
trophic) variety. Later, Rindfleish* insisted that dilatation preceded 
the appearance of fenestration. Hertz® considered that no anatomic 
change preceded dilatation and fenestration and that, even in established 
lesions, the elastica appeared normal. 

Eppinger ® in his classical work of 1876, emphasized the distinction 
between acute and chronic emphysema and maintained that the former 
was attended by no permanent anatomic changes in the alveolar sep- 
tums. Eppinger’s histologic description of fenestration agrees with that 
of previous writers. In addition, he gave the first account of changes in 
the elastic fibers and fiber bundles in emphysema. In the latter lesions 
the fine fibers were lost, and all that remained were the coarser fibers 
which ran around the edges of the fenestrations but did not usually 
show any morphologic changes. However, he thought he could detect 
more recently formed fenestrations, the edges of which were irregular. 
In these cases, elastic fibers ran right up to the irregular edge and ended 
in an apparently frayed manner. He inferred from this that the fraying 
was the earliest lesion in chronic emphysema. It is important to note 
that Eppinger never observed any fraying of the elastica which preceded 
fenestration, and stated that the two changes were always seen together. 
He considered that the fraying preceded fenestration, but did not dem- 
onstrate this. 

Klasi *° considered that the fenestration arose out of a desquamation 
of alveolar epithelium. He insisted that the elastica was one of the last 
structures to be destroyed. Orth ** and Virchow ” agreed on the atrophic 
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nature of the process. Orth insisted that the term emphysema should 
not be used in senile cases unless actual distention were present. 

In 1893, Kohn** drew attention to the existence of pores in the al- 
veolar walls. According to Henle,* these pores had first been described 
by Adriani in 1847, but, following the suggestion of Hauser,’® they be- 
came known as the pores of Kohn. Subsequent discussion as to the na- 
ture and significance of the pores is irrelevant; but fairly recent work 
by Macklin and Loosli’* convincingly demonstrates these struc- 
tures in the lungs of man, rabbits and other mammals. 

Hansemann *® in 1895, accepted the pores as normal structures. Sud- 
suki*° in 1899, was unable to confirm Eppinger’s findings. He saw no 
evidence of fraying of the elastic fibers. Sudsuki*® and Hansemann ** 
considered that a mechanical widening of the pores of Kohn constituted 
the initial lesion in emphysema. Eppinger *? restated his original views 
in 1902, without adding any further evidence. Ribbert,?* Tendeloo,” 
and Spalteholz *> agreed with Sudsuki. 

Orsés **:?7 made a detailed study of the elastic and collagenous fibers 
of normal and emphysematous lungs in 1907 and 1936. In acute emphy- 
sema he considered there was simple dilatation of the air spaces but 
no other changes. He divided chronic emphysema into senile and hyper- 
trophic emphysema and stated that these were attended by permanent 
tissue changes as described by previous authors. He considered that 
tearing of elastic fibers and their subsequent degeneration were the es- 
sential lesions. No visible changes preceded rupture. They retracted in a 
serpiginous manner and appeared as scattered heaps of elastic tissue 
which degenerated into indifferently staining masses. The changes first 
appeared in the finest (intercapillary) fibers. Orsdés insisted that these 
“degenerative” changes were seen principally in senile emphysema. In 
hypertrophic emphysema, the above changes were also present but a 
much more prominent feature was a reparative increase in the numbers 
of all types of elastic and collagen fibers. He stated that all the changes, 
in elastica, alveolar membranes and capillaries, were seen in progress 
at the same time, and he could detect no definite sequence of loss of 
the various elements. Like Eppinger, he argued that extension of fenes- 
stration could result only from a loss of elastic and collagen fibers. In 
short, he did not show that the lesions in the elastica were primary but 
inferred that this was so. 

Loeschcke,?*“* in a series of articles between 1921 and 1928, agreed 
with the older writers with regard to the destruction of lung tissue by 
fenestration, but could see no antecedent alteration in the elastic tissue. 
Even in advanced lesions, the elastica was remarkably resistant and 
any changes seen were those of a strengthening and thickening of the 
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individual fibers. Far from considering that the primary lesion resided 
in the elastica, he considered that, of all tissues, this best survived the 
atrophic process of emphysema. In contrast, Laguesse ** in 1927, with- 
out presenting any evidence, maintained that loss of the finer elastic 
fibers caused the fenestration. Letulle ** considered that there was some 
condensation of elastic fibers in the walls of bullae and emphasized that 
sclerosis was a frequent occurrence in all types of chronic emphysema. 
Antoniazzi ***° and Luisada,** in 1934, were similarly impressed by the 
occurrence of sclerosis. 

Hartroft,®” in 1945, was concerned with the microscopic features of 
emphysema as seen in thin sections and pointed out the falsity of the 
then popular idea that the free ends of alveolar septums projecting into 
alveolar ducts were evidence of rupture of the alveolar tissues. But, in 
contrast to the roth century workers, he considered that serial section 
and measurement were the only ways to detect early emphysematous al- 
terations. Bezancon and Delarue,** in 1947, considered emphysema as 
essentially an atrophic process. But at the same time they pointed out 
that interstitial fibrosis also occurred in the lesions. Heppleston,*® in 
1953, stated that dilatation and destruction of lung tissue occurred in 
hypertrophic emphysema but did not give details of the process. 


Pathogenesis 


It is generally accepted that emphysema results from an abnormal 
total or partial distention of the lungs by air. Theories of pathogenesis 
may be divided into those concerned with remote pathogenesis, i.e., 
mechanisms which cause abnormal air tension in the lungs; and intimate 
pathogenesis, i.e., the exact mechanism whereby abnormal air tension 
or other factors damage the lung tissue. Much more attention has been 
given to remote than to intimate pathogenesis. It is proposed, therefore, 
to place emphasis on the intimate factors. 

Laennec,? in 1819, postulated that strong inspiratory effort was able 
to overcome the resistance of bronchial catarrh but that weaker, passive 
expiration was unable to expel the air, so that overdistention resulted. 
He, thus, founded the inspiratory theory but did not attempt to explain 
precisely how overdistention damaged the lungs. 

In 1845, Mendelssohn *° propounded the expiratory theory. He ar- 
gued that when expiration was obstructed, the accessory respiratory 
muscles tended to drive the air into the upper and anterior parts of the 
lungs, producing overdistention and emphysema. He considered that the 
strain of coughing was the main factor concerned. This original state- 
ment of the theory differs in no essential from the various modifications 
which subsequently have been advanced. 
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Rainey * accepted the operation of mechanical factors but believed 
that in the presence of fatty changes in the alveoli, even normal re- 
spiratory effort could damage the lungs. Gairdner,*’ in 1851, considered 
that bronchial obstruction produced collapse of the segment of the lung 
supplied. This necessitated compensatory expansion of the remaining 
portions of the lungs. If this exceeded functional limits, emphysema 
resulted. He thus regarded all forms of emphysema as being compensa- 
tory or complementary in nature. The same theory was again pro- 
pounded by Gordon *? in 1944. Freund,**** in 1858 and 1859, considered 
that degenerative elongation of certain costal cartilages led to the fixa- 
tion of the chest in the classical barrel-shaped position and that this 
caused overdistention and hence emphysema. 

In 1862, Waters ° believed that, in addition to mechanical factors, un- 
specified “constitutional factors” were responsible for an inherent weak- 
ness in the lung tissue. With regard to intimate pathogenesis, Waters 
believed that mechanical distention caused loss of elasticity and then 
loss of capillaries which in turn led to impairment of nutrition and the 
atrophic changes of emphysema. He appeared to regard capillary loss 
as an ancillary mechanism. 

In 1864, Niemeyer ® clearly stated that in local or complementary 
emphysema, the overdistention of expansile lung around a consolidated, 
collapsed or scarred focus led to the development of acute or chronic 
emphysema, depending on whether the primary lesion was temporary or 
permanent. This view has been accepted without comment by nearly 
every subsequent writer on the topic. In hypertrophic emphysema, he 
considered that both expiratory and inspiratory forces could be opera- 
tive. Villemin,*° two years later, was not satisfied that mechanical fac- 
tors could be operative in every case, but favored the expiratory theory. 
He considered the primary lesion was a hypertrophy of the alveolar 
epithelium followed by degeneration and desquamation. 

Isaakssohn,** in 1871, believed that thrombosis of alveolar capillaries 
was primary and that atrophic changes followed this. Rindfleisch’ ac- 
cepted both inspiratory and expiratory forces as being operative. Almost 
in passing, he stated that the disappearance of vessels was an essential 
factor in the genesis of the lesions. Thierfelder ** considered the oblitera- 
tion of vessels by pressure as contributory. 

Eppinger,** in 1876 and 1902, accepted mechanical factors as the 
remote mechanism of genesis. The intimate pathogenesis depended on 
damage of the finest elastic fibers, leading to permanent dilatation and 
to fenestration. He regarded chronic emphysema as a pressure atrophy, 
based upon primary damage to the elastica by distention. Orth," in 
1887, regarded the senile lung as simple senile atrophy if there was 
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no distention, but as senile emphysema if distention was present. Senile 
atrophy resulted entirely from involutionary changes, but senile emphy- 
sema required the additional operation of external mechanical factors. 
He considered that raised intra-alveolar pressure operated by “direct 
mechanical action.” He also argued that compression and obliteration 
of capillaries led to local impairment of nutrition due to ischemia. 

Grawitz,** considered that the peripheral localization of the larger 
lesions could be explained on the basis of poorer blood supply and fewer 
anastomoses. Hansemann '*?! and Sudsuki,”° in 1899, accepted the me- 
chanical theories and considered that fenestration was the result of a 
mere mechanical widening of pre-existing alveolar pores with the addi- 
tion of “pressure necrosis” of their margins. Orsés,”° in 1907, considered 
that inflammation played an important part in the hypertrophy of 
elastica and reticulin, which he described in all forms of chronic em- 
physema other than pure senile emphysema. Wiesel *® stated that vascu- 
lar sclerosis was, in fact, the cause and not the result of emphysema. In 
1902 and 1910, Tendeloo** considered that emphysema was a pres- 
sure atrophy resulting from abnormal distention. He saw no changes 
in the elastic fibers and postulated that loss of elasticity was due to 
stretching of these fibers beyond their elastic limits in the manner of an 
overstretched rubber band. Although this had been implied by previous 
authors, Tendeloo appears to be the first to state the thesis precisely. 

In 1911, Loeschcke ™ propounded his modification of the thoracogenic 
theory of emphysema. He related the development of emphysema to 
primary changes in the spine, which caused thoracic deformity and 
overdistention of some parts of the lungs. Loeschcke did not claim that 
all types of emphysema resulted from this mechanism. His views on 
intimate pathogenesis are most succinctly expressed in his article of 
1922.7" He maintained that distention, however caused, was the essen- 
tial factor in all forms of chronic emphysema. The distention caused 
obstruction to the flow of blood through the capillaries, either by me- 
chanical deformity or by direct occlusion due to raised intra-alveolar 
pressure. The diminished blood supply was responsible for the tissue 
atrophy seen in chronic emphysema. The larger peripheral lesions were, 
in part, the result of poorer peripheral blood supply. 

From about 1910 onwards, the general trend of work on emphysema 
was directed more towards functional investigation rather than patho- 
genesis. Views on pathogenesis were concerned with mechanisms of re- 
mote rather than intimate relationships. It is proposed, therefore, to 
cite only those authors who refer specifically to problems of intimate 
pathogenesis. 

In 1913 and 1923, Miinzer™** and Engelen,™* without supporting 
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evidence, postulated that emphysema was the result of pulmonary ar- 
teriosclerosis. On the other hand, H. R. Miller,® in 1925, found no 
direct connection between such sclerosis and emphysema. Winter ** 
maintained that oft-repeated distention acted not by damaging the 
elastica but by tearing and obliterating capillaries. Bard,5"** in 1925 
and 1928, adhered to the view that in the absence of mechanical factors, 
emphysema could develop out of constitutional weakness of the lungs. 
Letulle * considered that inflammatory weakening of the lung was as 
important as the mechanical factors. Antoniazzi,**** in 1934, also em- 
phasized the importance of local inflammatory factors. 

Kountz and Alexander,” in 1933, concluded that senile emphysema 
was really a condition involving primary changes in the thoracic cage 
and that the lungs were normal or slightly overexpanded. Christie,®* 
in 1934 and 1944, considered that the primary functional defect in 
hypertrophic emphysema was a loss of pulmonary elasticity. He rejected 
all distensive and vascular theories, maintaining that compressive ex- 
piratory stresses and strains in coughing and spasms of asthma pro- 
duced violent pressure changes which damaged the alveolar walls and 
resulted in loss of elasticity. Distention followed as a consequence of 
this. Christie appeared to regard the damage to the alveolar walls as 
a direct mechanical effect. 

In 1938, Korol ® considered that ischemia due to thrombosis and en- 
darteritis was a major factor in the production of emphysema in tuber- 
culosis. Later he asserted ® that vascular sclerosis was in fact the pri- 
mary lesion in all forms of emphysema and that emphysema should be 
regarded as an ischemic atrophy of lung tissue. Fleischner,™ in 1950, 
remarked that capillary collapse or occlusion might lead to an atrophy 
of alveolar walls. In 1953, Cudkowicz and Armstrong® described oc- 
clusive changes in bronchial arteries and considered that ischemia, thus 
produced, might be responsible for the fibrosis noted in emphysematous 
lesions. Abbott, Hopkins, van Fleit and Robinson * argued that a variety 
of irritants could produce bronchial spasm and distention of the lung, 
leading to occlusion of capillaries. At the same time, bronchial obstruc- 
tion produced a reflex vasoconstriction in the related portion of the 
lung. They considered that emphysema should be regarded as an is- 
chemic atrophy functionally produced. 


DISCUSSION 


Since the original microscopic description of chronic emphysema by 
Rainey in 1848, there has been virtually complete agreement that the 
basic lesion is destruction of the alveolar walls by the process of fenestra- 
tion. From the earliest times the changes have been considered as evi- 
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dence of atrophy of lung tissue. This view persisted in the roth century, 
but in the first half of the present century emphysema was generally 
regarded as the result of tearing and rupture of lung tissues. Recently, 
passing references to the anatomy of emphysema again mention that 
it is an atrophic process, but the descriptions remain two-dimensional, 
perhaps due to the abandonment of the thick sections used by the 
older writers. 

In many respects, views of pathogenesis appear to have conditioned, 
rather than been conditioned by, the outlook on the anatomic nature of 
the process. It has long been evident that mechanical factors are of 
prime importance in the genesis of compensatory and hypertrophic 
emphysema. The early anatomists saw evidence of tissue atrophy but 
not of mechanical rupture. This led to theories intended to supplement 
or replace the purely mechanical views. Thus Rainey * and Villemin,*® 
respectively, considered that fatty change and desquamation of alveolar 
epithelium were responsible. Waters® considered that “constitutional” 
weakness of the lung might account for the lesions if mechanical factors 
were absent. This unsubstantiated statement has been repeated fre- 
quently, but there is no record of any anatomically proved case in 
which complete absence of any causative factor could be demonstrated. 

Eppinger’s inference ® that distention caused fraying of the elastica, 
leading to fenestration, although supported only by Orsds,”®?? led to 
uneasy acceptance that overdistention damaged the lung mechanically 
as the initial step in pathogenesis. However, Tendeloo’s statement ™° 
that the changes in elastica were functional and not anatomic provided 
a convenient explanation for the general failure of anatomists to see 
changes in these fibers. The only other attempt to provide a purely 
mechanical basis for the lesions was the work of Hansemann”! and 
Sudsuki.”® Their theory of a mere mechanical widening of pre-existing 
alveolar pores failed to account for the appearance of abnormally large 
numbers of pores. 

Thus, in spite of the anatomic discussions of Loeschcke*® and the 
work of respiratory physiologists, who have shown that many factors 
other than the elastica are involved in resultant lung “elasticity,” it is 
largely on the above evidence that distention, produced by the remote 
mechanical factors, is considered to produce loss of elasticity and the 
lesions of emphysema. 

The possibility that emphysema might result from primary vascular 
changes was first considered by Isaakssohn** in 1871, who believed 
capillary thrombosis was responsible. Since then Wiesel,*® Miinzer,5?* 
and Korol ®** have postulated that pulmonary vascular sclerosis is 
the primary lesion. In general, however, vascular lesions have been 
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regarded as being secondary either to the emphysema or to its remote 
cause. Apart from this “primary” vascular approach, several 19th cen- 
tury authors of the “mechanical school” of thought, including Waters,° 
Thierfelder,*’ Eppinger ® and Orth,“ have commented that in the course 
of mechanical distention, capillaries are apparently stretched and oc- 
cluded. But they considered that this was merely an ancillary mechan- 
ism, albeit an important one, as did Fleischner.™ 

Only Loeschcke ** stated emphatically that the atrophy characteristic 
of all forms of chronic emphysema resulted from capillary occlusion 
in the distended areas. More recently, on more theoretical evidence, 
Abbott and co-workers “ arrived at a similar conclusion. 

This modification of the vascular theory has received but little atten- 
tion, but as first suggested by Rindfleisch * in 1871, it could well provide 
the link between the mechanical and nutritional theories. It would 
explain why the distensive forces produce the histologic appearance 
of a tissue atrophy. 

Another aspect of the problem merits further consideration. In his 
original description in 1848, Rainey * described condensations of fibrous 
tissue around the larger lesions. More recently, Orsés,?*?" Letulle,** 
Antoniazzi,**** Luisada,®** and Bezancon and Delarue * considered that 
emphysema was as much a sclerotic as an atrophic process. In general, 
scarring has been regarded as a remote causative mechanism rather 
than an integral part of the emphysematous process itself. It could, how- 
ever be argued that both scarring and the emphysema result from the 
inflammatory endarteritis as was suggested by Korol.™ Alternatively, 
inflammation could lead to direct vascular destruction and the produc- 
tion of emphysema. 

Only brief mention has been made of so-called senile emphysema, 
and this reflects the amount of attention which this subject has received 
in the literature. It was originally regarded as simple senile atrophy of 
the lungs. The older writers dismissed it briefly before considering 
hypertrophic emphysema but emphasized that the histologic appear- 
ances were identical to those in other forms of emphysema. At the pres- 
ent time there is no systematic account of the anatomic changes in senile 
emphysema or of the “normal” senile lung. Orsds **" alone considered 
that pure atrophy was the hallmark of senile emphysema in contrast 
to the regenerative changes in other types. This view has not been 
confirmed or even seriously considered and might be of importance. 
Other writers have usually contented themselves with the statement 
that large bullae are absent and that the lungs collapse normally. The 
fact that the elderly are not exempt from known cases of emphysema 
does not simplify the problem. Indeed, Loeschcke® did not accept 
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senile emphysema as an entity but considered that thoracogenic factors 
were more important in the genesis of emphysema in this age group. 
Kountz and Alexander suggested a similar thoracogenic theory but 
insisted that the lungs were usually normal. Rappaport and Mayer,” 
in 1954, accepted that senile lungs may show atrophy in the absence of 
distensive forces. They thought this resulted as much from disuse, due 
to improper expansion, as from “senile” atrophy. Such lungs they re- 
garded as showing senile atrophy and were not considered pathologic. 
If distensive forces, usually thoracogenic, were present, the condition 
should be called senile emphysema. They thus adopted a compromise 
between the views of Loeschcke *° and of Orth." 

It seems to the writer that if the term senile emphysema is to be used, 
it should be restricted to cases where the lungs show emphysematous 
changes which cannot be ascribed to etiologic factors other than senility 
itself. If the lungs are normal, the condition is, by definition, not emphy- 
sema. If etiologic factors other than senility are present, the emphysema 
should be included in the appropriate group, regardless of the age of 
the subject. The remaining cases of emphysema in the elderly, without 
demonstrable cause, would constitute true senile emphysema. Until 
a more detailed knowledge of the “normal” senile lung is available, there 
is little evidence for considering that emphysema in the elderly differs 


either anatomically or etiologically from emphysema in other age groups, 
and the relationship between emphysematous alterations in the senile 
lung and changes in the senile thoracic cage, in the absence of broncho- 
pulmonary disease, must await clarification. 


SUMMARY 


The literature provides ample evidence for regarding all forms of 
chronic emphysema as an atrophy of lung tissue. The atrophy manifests 
itself by the development of progressive fenestration in the alveolar 
walls which leads to the ultimate destruction of the lung tissue in the 
affected area. The changes can only be appreciated in thick sections. 
There is no acceptable evidence that changes in the elastic tissue pre- 
cede the appearance of fenestration. A few writers have suggested that 
inflammatory sclerosis is an essential part of the emphysematous 
process. 

There is less agreement on certain aspects of the pathogenesis of 
chronic emphysema. Hypertrophic and compensatory emphysema are 
generally regarded as being the direct result of mechanical stresses 
and strains on the alveolar tissues. There is little to suggest precisely how 
the stresses produce the emphysematous lesions. Attempts to explain the 
atrophic lesions of emphysema on the basis of primary vascular changes 
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have met with little support. The view that abnormal distention of the 
lung leads to vascular occlusion and consequent tissue atrophy has 
been advanced from time to time. This mechanism has received little 


attention and, generally, has been regarded as merely ancillary to direct 
“mechanical” damage. 


Senile emphysema is regarded by many as being a simple senile 
atrophy of lung tissue, but there are no systematically documented ac- 
counts which establish the condition as an anatomic entity, distinct from 
chronic emphysema in the elderly, due to causes which may be operative 
in any age group. 
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THE CONVERSION OF LYMPHOCYTES WITH “ATYPICAL 


NUCLEI” INTO PLASMA CELLS OF THE MARSCHALKO 
TYPE 


H. Tompkins, M.D. 


From the Cancer Research Institute, New England Deaconess Hospital, 
Boston, Mass. 


The occurrence of small lymphocytes with “atypical nuclei” in sec- 
tions of lymphoid tissues of various species has been reported."? They 
occur in variable numbers, show better in unstained than in stained sec- 
tions, and can be detected equally well by light or phase microscopy. 
The nuclei are unusually refractive and are characterized by a chalky 
matrix in which chromatin staining bodies are arranged in what are 
believed to be positions of prophase. There are also bizarre stages of 
meta- and anaphase; birefringent deposits also frequently overlie this 
basic nuclear pattern. The present report deals with the transformation 
of these atypical lymphocytes into plasma cells of the Marschalk6 type. 
It is a transformation that seems to initiate entirely within the “atypical 
nuclei” of the lymphocytes before cytoplasmic changes are detectable, 
and to spread to the cytoplasm only secondarily. The data have been 
reported in abstract form.® 


METHODS 


The same species, tissues and techniques were employed as those 
described in detail in the report on atypical lymphocytes.” In fact, the 
studies were frequently made from the same, or serial, sections as those 
employed in the former studies. All photographs were purposely made 
from the same sections as those used for the preceding illustrations in 
order to facilitate comparison between the two types of cells. The 
methods, therefore, will be described only as fully as seems necessary 
for purposes of orientation. 

The studies were carried out mostly upon the tissues of male C3H 
mice of various ages, that had been received at weaning from the Bar 
Harbor colony and kept throughout the rest of their lives in the animal 
colony of this institution without any form of experimentation. The 
tissues were transferred from Kingsley’s fixative * into graded concen- 
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trations of alcohol without washing, were left in 80 per cent alcohol 
containing Lugol’s solution for various periods of time, and then carried 
through 5 per cent gradations of the higher percentages of alcohol to 
cedar oil, in which they were left until embedded in paraffin. All studies 
were made on sections cut at 3 » and mounted in balsam either before or 
after staining, and either before or after extraction with the same fat 
solvents that had proved informative in the study of atypical lympho- 
cytes. 

The stains employed were hematoxylin and eosin, separately and 
together; pyronin and methy] green, separately and together; Einarson’s 
technique ° with gallocyanin and the Feulgen technique for chromatin, 
both without counterstain; azure B eosinate®; methylene blue followed 
by destaining with iodinated alcohol; and Sudan black B. The sections 
used for the illustrations in both this and the preceding report are 
serial sections from the lung of an aged mouse which was found to 
contain a diffuse, nondescript infiltration of mononuclear cells (Fig. 1). 


OBSERVATIONS 
Similarities in the Nuclei of Atypical Lymphocytes and in Those of 
Developing Plasma Cells 


It is by means of the specific characteristics of the “atypical nuclei” 
and their carry-over into plasma cells that the relationships between the 
two types of cells became evident. The histochemical transitions, as 
determined by specific stains or by birefringence in these experiments, 
have been found to accompany the morphologic transitions commonly 
depended upon in studies of cellular relationships. This lends added as- 
surance to the deductions obtained by the latter method only. 

The nucleus of the developing plasma cell at its incipient stage is 
similar to that of the atypical lymphocyte except for increased clumping 
of the small bodies reactive to stains for chromatin. These are seen to 
be embedded in a chalky white matrix in unstained sections (Fig. 2A, b), 
and coarse birefringent bodies often overlie the area (Fig. 2B, b). The 
birefringent material is soluble in water and ether, but not in alcohol, 
acetone or xylene. The chalky matrix is soluble in hot pyridine and 
in mixtures of alcohol and chloroform, but not in water or in the above 
fat solvents. Neither matrix nor birefringent material stain satisfactorily 
with Sudan black B. At best, after exposures at elevated temperatures, 
the nuclei stain diffusely brownish and with poor detail. The staining is 
not improved by exposure of the sections to trypsin. The area occupied 
by the matrix stains faintly by the Feulgen technique and with methyl 
green both before and after extraction with lipid solvents (Figs. 4, 5, 6A 
and 6B). 
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The relationships between nuclear matrix and the bodies that are 
reactive to stains for chromatin are such that the nuclei appear highly 
refractive in unstained sections before extraction of the matrix and 
lose this characteristic after extraction. The refractivity and all methods 
of staining employed are unchanged by extraction of the birefringent 
material (Figs. 3A, 3B and 7). It is therefore believed that the latter 
does not enter into the basic characteristics of the “atypical nuclei,” 
or into the quality of their staining. In fact, it should probably be 
emphasized that lymphocytes with nuclei which are “atypical” in all 
respects, except in the lack of birefringence, usually intermingle in areas 
that contain atypical lymphocytes whose nuclei are also birefringent.” 
The specific characteristics of the nuclei of the atypical lymphocytes, in 
particular the dense whiteness of the matrix, the degree of refractivity, 
and the brilliance of birefringence when present, decrease as the lympho- 
cytes are transformed into plasma cells (cf. cells a, b, c, Figs. 11A, and 
11B), but qualitative changes from those of the nuclei of the atypical 
lymphocytes have not been detected. The story is reversed in the case 
of the cytoplasm of the lymphocytes. This acquires new characteristics 
synchronous with diffusion of materials from the nuclei. 


The Metamorphosis of the Lymphocytes with “Atypical Nuclei” 
into Plasma Cells of the Marschalké Type 


Evidence of complete cytologic division of lymphocytes with “atypical 
nuclei” has not been observed. As has been described,” the chromatin 
staining material within the nuclei may be scattered as discrete, small 
bodies embedded in the chalky matrix and overlaid by birefringent ma- 
terial (Figs. 2A and 2B, cells a), or it may be arranged in rosette fashion, 
or in coarse bundles constricted at the center and flaring at the ends 
much like sheaves of wheat (Figs. 2A and 2B, cells b). In any case, the 
matrix, and to lesser exactness, the birefringence, are situated in juxta- 
position to it, and more or less as if wedged, or excreted, between the 
bundles. In each case, whether scattered in what seems to represent 
nuclear involvement at prophase, or in the rosette or bundle forms of 
what seem to be bizarre stages of meta- and anaphase, the chromatin 
staining material eventually comes to be arranged more or less peripher- 
ally in the mass of the nucleus, though still enveloped within the dense 
matrix (Figs. 5, a, and 6B, a). At this stage, the rim of cytoplasm char- 
acteristic of the small lymphocytes begins to enlarge, to increase in 
optical density, to take on a straw-colored hue in unstained prepara- 
tions (Fig. 2A, a, b and c) and to become deeply basophilic (Figs. 6A 
and 6B), as well as pyroninophilic, in stained ones. It becomes difficult 
to separate nucleus from cytoplasm, since the deep basophilia of the 
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nucleus seems diffused with perinuclear basophilia of the cytoplasm 
(Figs. 6A, b; 12B, b, and 12C, c). At this stage it is evident that de- 
velopment of Marschalké plasma cells is under way. 

At a slightly later stage, when the amount of cytoplasm has increased 
sufficiently to permit differentiation within and about it, it becomes clear 
that diffusion of materials from the nucleus to the cytoplasm plays a 
prominent role in the changes occurring in the latter. Clouds of white 
matrix and of birefringent material are visible in the unstained cells and 
are seen to spread out into the cytoplasm beyond the mass of the nuclei 
(cells c, Figs. 8A, 8B and g). In fact, a flaky birefringence may be 
photographed in most of the cells (with long enough exposure of sensi- 
tive film under polarized light) beyond the stage when it can be de- 
tected by eye (Fig. 2B). Many of the bundles of chromatin-staining 
material become massed into single giant nuclei as the cells enlarge 
(Figs. 10A, 10B, cells c’), or they separate into 2 or 3 individual masses 
and the cells come to appear binucleated. Each nuclear mass still retains 
matrix and birefringent material to variable degrees, and seems to lose 
the same at variable rates (Figs. 11A and 11B, upper two cells c). As has 
been said, the cytoplasm is densely basophilic, and pyroninophilic at 
these stages. When pyronin is omitted from the customary pyronin- 
methyl green technique, the cytoplasm is found to be also stained 
diffusely with methyl green. It exhibits, in addition, nuances of intensity 
(Figs. 6A, 6B and 12B) which have proved useful, as substantiation 
by a stained technique of the observations interpreted in the unstained 
preparations as due to diffusion from nuclei to cytoplasm. It is common 
to find long streamers or diffuse clouds of material which stains a dense 
gray-green when methyl green alone is used, and which extends into 
the cytoplasm for considerable distances from the nuclei (Figs. 6A, 6B, 
cells c, and 12C). No staining of the cytoplasm occurs with the Feulgen 
technique (Figs. 4 and 5). These descriptions are representative of the 
most active stages in the development of typical, medium-sized plasma 
cells of the Marschalk6o type. 

The stages beyond these seem to represent an orderly continuance 
of passage of material from nucleus to cytoplasm, and of loss of material 
from cytoplasm to environment. Birefringence of the nuclei, density 
of matrix, and intensity of staining, each gradually decreases, with the 
result that the nuclei become pale and lacking in detail, and eventually 
come to resemble those of effete macrophages (cells d, Figs. 5, 6A, 6B, 
12A and 12B). Dissolution of the nuclei of binucleated cells is usually 
uneven. Faint shadows may often be found of a companion nucleus 
that is about to disintegrate in a plasma cell in which the remaining 
nucleus appears perfectly normal (cell c-+d, Fig. 6B). Basophilia of 


| 


Aug., 1960 MARSCHALK6O PLASMA CELLS 179 


the cytoplasm decreases concomitantly with the dissolution of the nu- 
cleus, and is replaced by faint acidophilia which progresses peripherally 
from nucleus to surface, giving the impression of ever-widening exten- 
sion of the characteristic perinuclear spaces (Fig. 1, and cells d, Figs. 
3A, 6A, 6B, 12A and 12B). The periphery of the cytoplasm is the last 
area to acquire basophilia and the last to lose it, in contrast to the peri- 
nuclear area which gains it first and loses it first. Sometimes the cyto- 
plasm of a cell with a shadow of a disintegrating nucleus in accompani- 
ment with a nucleus that appears still normal may be acidophilic about 
the former nucleus and still deeply basophilic about the latter (Fig. 6B, 
c-+d). The cytoplasm may also become foamy, vacuolated, or jagged 
along the edges in the later stages of metamorphosis when the nucleus 
has come to look more like that of a macrophage and the cytoplasm has 
lost most of the basophilia (Fig. 12A, d). The vacuoles may at times 
be more acidophilic than the cytoplasm. The cells eventuate as large, 
thin, acidophilic plaques if they do not go to pieces before the end 
stages (Fig. 1 and cells e, Figs. 4, 5 and 6A). 


DISCUSSION 


That plasma cells arise by metamorphosis from other cells is not a 
new concept. The arguments, pro and con, for their origin from lympho- 
cytes,” reticulum cells,’°?? lymphoblasts,™* and even their own blast 
forms,’ pericytes and from multiple types **** have been reviewed. 
It is not the purpose of this report to hold any brief along these lines. 
The report is confined to description, and attempt at analysis, of cer- 
tain histochemical changes that have been observed in the metamor- 
phosis of plasma cells from atypical members of one of the origins 
commonly implicated, namely lymphocytes. 

It is intriguing that Marschalké’s emphasis’ upon the nucleus as a 
prerequisite in the differentiation of plasma cells should be shown by 
these studies to have even greater significance than he realized. Not 
only is the structure of the nucleus of the plasma cell significant to its 
differentiation, but even the stimulus that initiates the development of 
the plasma cell appears to stem from within the nucleus of the cell from 
which it derives. These studies indicate that the stimulus begins within 
the nuclei of the small lymphocytes with “atypical nuclei,” and spreads 
only secondarily into the cytoplasm, and from cytoplasm into the en- 
vironment. The observations, and the conclusions from them, are based 
upon histochemical as well as morphologic transitions which are mu- 
tually supportive. It is true that many lymphocytes with “atypical 
nuclei” do not contain birefringent material. It is not known if they 
must of necessity develop it. It is not known if those without bire- 
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fringence may also become plasma cells. Nor is it known if all with 
birefringence do become plasma cells, although this seems doubtful. 
It seems more likely that the presence of birefringence indicates early 
stages of nuclear disintegration in cells whose nuclei have suffered suffi- 
cient pathologic modification that they are no longer capable of com- 
plete mitosis although they are still viable enough to become trans- 
formed into modified cells with altered biologic capacities and structure; 
others probably go on to complete degeneration without acquiring new 
capacities en route. 

It is also not shown by these studies if regular lymphocytes which 
have not developed “atypical nuclei” can also become plasma cells 
without doing so. And, finally, the studies offer no information as to 
the origin of plasma cells from other strains of cells. They simply show 
that plasma cells of the Marschalk6 type can, and do, arise from small 
lymphocytes with atypical histochemical features within the nuclei. 

The cause and chemical mechanism underlying this metamorphosis 
are but vaguely suggested by these studies. It is obvious that unknown 
factors so affect the nuclei of some small lymphocytes that the changes 
described can ensue and give rise to the acquisition of modified cyto- 
plasmic characteristics by the cells involved. The suggestion of Dough- 
erty ’® that antigen-antibody reactions on or within lymphocytes initiate 
the production of plasma cells is to be considered, although, unfor- 
tunately, the present data do not offer relevant information. 

The materials within the “atypical nuclei” exhibit the solubilities of 
specific lipids, but they stain only brownish with Sudan black B. They 
are not liberated by trypsin, and a faint residuum of material stainable 
by the Feulgen technique is left when they are extracted with fat 
solvents. These facts allow only the vague suspicion that the substances 
involved represent some sort of linkage with deoxyribonucleic acid 
(DNA) or with a lipoprotein not affected by trypsin. Their character- 
istics are similar to those of the liponucleoprotein described by Folch 
and Uzman,” but the significance of this in fixed material is uncertain. 

The deep basophilia and the pyroninophilia of the cytoplasm seem to 
indicate that ribonucleic acid (RNA) has accumulated in high concen- 
tration coincident with the flow of materials from the nucleus, but the in- 
termediate stages are not clarified. Portions of the cytoplasm, especially 
the clouds and bands sweeping from the nuclei, not only exhibit 
birefringence and the characteristics of the nuclear matrix when observed 
in unstained sections, but they also stain brownish with Sudan black B, 
and densely with methyl] green. The staining with methyl green is light- 
ened, but not obliterated by extraction with pyridine. The fact that the 
cytoplasm is not even tinted by the Feulgen technique seems significant 
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in view of the staining with methyl green and with the ever lessening 
capacity of the nuclei to stain by the Feulgen technique as the metamor- 
phosis progresses. The basis for the difference in reaction of the cyto- 
plasm to these two stains is obviously in need of elucidation from the 
standpoint of the accepted specificity of both in the demonstration of 
DNA.” 


SUMMARY AND CONCLUSIONS 


Histochemical, birefringent and morphologic studies have been ap- 
plied to the metamorphosis of plasma cells of the Marschalké type from 
small lymphocytes with “atypical nuclei.” 

These studies have yielded the following observations: (1) The histo- 
chemical features which characterize the “atypical nuclei” of lympho- 
cytes also characterize the nuclei of the early developmental forms of 
the Marschalk6é plasma cells in these experiments. (2) Birefringent 
material and nuclear matrix of a peculiar character spread from the 
“atypical nuclei” to the cytoplasm as the plasma cells develop. (3) The 
intensities of nuclear birefringence and staining decrease concomitantly 
with these changes. (4) The quantity, density, and intensity of baso- 
philia and pyroninophilia of the cytoplasm of the developing plasma 
cells increase concomitantly with these alterations. These characteristics 
appear first at the nucleo-cytoplasmic boundaries, spread peripherally, 
and decrease as the nuclei disintegrate. The peripheral areas of the 
cytoplasm are the last to become completely abasophilic. (5) Under or- 
dinary conditions the cells seem to disappear by gradual dissolution. 

The results are discussed from the standpoint of sublethal nuclear 
involvement of some lymphocytes. This is of unexplained etiology, but 
gives rise to mitotic aberrations and gradual diffusion of nuclear mate- 
rials into the cytoplasm. The cytoplasm responds secondarily, ap- 
parently, by the acquisition of the modified qualities which are char- 
acteristic of the cytoplasm of plasma cells. 

The findings seem to support the following conclusions: (1) The 
stimulus to the metamorphosis of lymphocytes with “atypical nuclei” 
into plasma cells of the Marschalk6 type initiates in the “atypical nu- 
clei.” (2) Diffusion of materials from the “atypical nuclei” into the 
cytoplasm gives rise to cytoplasmic changes. (3) Cytoplasmic products 
in turn diffuse into the environment. (4) The end stage is one of gradual 
dissolution, first of nucleus, then of cytoplasm, unless disintegration of 
the cell occurs during the more active stages of the metamorphosis. 
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LEGENDS FOR FIGURES 


All photographs were taken of the same serial sections from the lung of an old 
mouse that were used for the illustrations in a paper describing lymphocytes with 
“atypical nuclei.” * Magnifications above 2,000 represent photographic enlargements. 

Key: a= small lymphocytes with “atypical nuclei” 

b = the earliest transitions of small lymphocytes with “atypical nuclei” into 
plasma cells 
c = fully matured plasma cells of the Marschalké type 
d = exhausted, senile or retrogressive stages of plasma cells 
e = degenerative plaques left after dissolution of the nuclei of plasma cells. 
Fic. 1. The area of infiltration about which all of the photographs were taken. 
The cells at both sides represent small lymphocytes, most of which have “atypi- 
cal nuclei.” The center illustrates an accumulation of plasma cells at various 
stages of development. Hematoxylin and eosin stain. X 675. 


Fic. 2A. Early transitions between lymphocytes with atypical nuclei (a) and fully 
developed plasma cells (c). The refractivity, matrix and birefringence of the 
nuclei in the two types of cells are similar, but the arrangements of the nuclear 
bodies at stage (b) suggest mirrored images or “pairing.” Unstained; light 
microscope. X 1350. 

Fic. 2B. Same as Figure 2A, viewed with polarized light. While the birefringence 
is most intense in the lymphocytes and in the youngest transitional forms to 
plasma cells, fully developed cells in the surroundings often have faint residual 
birefringence. X 1350. 


Fic. 3A. The section was extracted with a mixture of alcohol and chloroform to 
remove birefringent material and the extractable portion of the matrix before 
photography. Transitional forms of plasma cells are shown by phase microscopy. 
The density of the cytoplasm at the early stages of development (a, b, c), its 
tenuousness at the late stages of development (d), and binucleation (c, right) 
show clearly by this technique. Unstained, medium dark phase. X 1940. 


Fic. 3B. Same as Figure 3A, viewed with high bright phase. 


Fic. 4. Transitional forms of plasma cells stained by the Feulgen technique, with- 
out the use of counterstain. The cytoplasm is not stained. Note that both nu- 
clear bodies and their surrounding matrix are stained, though with different 
intensities, and that the sharpness of definition is consequently impaired. The 
intensity of nuclear staining is greatest at the younger stages of the developing 
plasma cells. X 1350. 


Fic. 5. The section was extracted with a mixture of alcohol and chloroform to 
remove birefringent material and the extractable portion of the matrix before 
staining as in Figure 4. The general characteristics of the staining seem un- 
changed from those described for Figure 4, or, if anything, merely intensified. 
These results are interpreted to indicate that DNA forms a fraction of the 
nuclear matrix in addition to the portion extractable with fat solvents. x 1350. 


2. 


Aug., 1960 MARSCHALKO PLASMA CELLS 185 | 
|. 


186 TOMPKINS Vol. 37, No. 2 


Fic 


FIG. 


FIc. 


Fic. 


. 6A. Transitional forms of plasma cells stained with methyl green without 
counterstain. Staining of the cytoplasm, as well as of the nucleus, occurs 
frequently. It seems to progress from around the nuclear margins in the youngest 
stages (b) into broad bands which sweep toward the periphery in the fully 
matured cells (c), and to ultimately disappear simultaneously with decrease 
in the intensity of nuclear staining (d). X 1350. 


6B. The same preparation as Figure 6A. This shows other forms of stage (d), 
and also, in particular, a cell (c + d), in which one nucleus and its immediate 
cytoplasm are at a different stage of metamorphosis from that of the other 
nucleus and its immediate cytoplasm. One nucleus is at stage (c), at full de- 
velopment, and one at stage (d), in retrogression. X 1350. 


7. The section was extracted with ether to remove birefringent material before 
staining. Except for the absence of the latter, the characteristics of the “atypical 
nuclei” of both lymphocytes and plasma cells remain unchanged. (Compare 
with Figs. 2A and 11A.) Unstained; light microscope. X 1350. 


8A. Diffusion of nuclear materials into the cytoplasm can be seen in two 
unstained plasma cells. Both the nuclear bodies and their surrounding matrix 
seem involved. Light microscope. X 3375. 


8B. Same as Figure 8A, viewed with polarized light. Birefringent material 
also shares in the dissolution and diffusion of nuclear materials. 


9. A different plasma cell in the same preparation as for Figure 8, but one to 
which the same remarks apply even more incontroversially. X 3375. 
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. 10A. Acluster of developing plasma cells to show several with giant nuclei (c’). 


These are believed to result from the failure of “atypical lymphocytic nuclei” 
to achieve mitotic separation. Note that there are other plasma cells in the 
field in which nuclar dissolution is under way. Unstained; light microscope. 
X 1350. 

10B. Same as 10A, viewed with polarized light. The same remarks apply. 


11A. There are shown 3 fully developed plasma cells (c) in a row, an early 
form (b), and a lymphocyte with an “atypical nucleus” in which change toward 
a plasma cell is not yet evident (a). The nuclei of the two upper plasma cells 
in the row show evidences of dissolution. The uppermost one has two nuclear 
masses, one more disintegrated than the other. Unstained; light microscope. 
X 1350. 


11B. Same as 11A, viewed with polarized light. Note that the lymphocyte has 
the most intense birefringence, and that the two plasma cells discussed under 
11A have the faintest; and, in particular, that the two nuclear masses in the 
uppermost plasma cell of the row are markedly unequal in birefringence. X 1350. 


12A. The section was extracted with a mixture of alcohol and chloroform be- 
fore staining with methyl green without counterstain. A lymphocyte (a) with 
unusually intense staining of the chromatin masses, which, however, seem intact 
and without evidence of diffusion from them. X 1800. 


12B. A cell (b) of about the same size as that shown in 12A (a) but in which 
dissolution and diffusion of nuclear bodies into the area of the matrix seem 
in progress. X 1800. 


12C. A cell (c) in which the nucleus shows evidence of a greater degree of 
dissolution than in the cell shown in 12B (b) and from which diffusion into the 
cytoplasm also seems in progress. X 1800. 
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ATTEMPTS TO ADAPT LEUKEMIA L.C FROM INBRED 
TO NONINBRED GUINEA PIGS 


Craus W. Juncestut, M.D., anp Heten Kopza, M.D. 


From the Department of Microbiology, College of Physicians 
and Surgeons, Columbia University, New York, N.Y. 


In 1954, Congdon and Lorenz’ described several forms of acute 
lymphocytic leukemia in an inbred strain of guinea pigs, known as 
strain #2. The disease occurred after x-irradiation or spontaneously 
in 3.6 per cent of 112 animals, 1 year of age or older. The leukemia 
could be transmitted to strain #2 animals by transfer of tumor tissue, 
lymph nodes, spleen or whole blood, resulting in widespread involvement 
of the entire hematopoietic system, with high blast cell content in the 
peripheral blood. Following serial passage, the incubation period short- 
ened to about 14 days in 2 of these leukemias, L,B and L,C, and mor- 
bidity and mortality rates were 100 per cent. The authors made no at- 
tempt to transmit the leukemia to noninbred guinea pigs. However, 
in 1957 Nadel? reported that stock guinea pigs from albino Hartley or 
multicolor Beltsville colonies were maximally susceptible to transfer 
and serial passage of leukemia L,B, provided the animals were not 
older than 7 days. Leukemia L.B being no longer available for study, 
it became of interest to attempt adapting leukemia L.C, presumably 
a variant of LB, from strain #2 guinea pigs to noninbred guinea pigs. 


MATERIAL AND METHODS 


We are indebted to Mrs. Joan Hollcroft and to Mr. Weed, Radiation 
Branch, National Cancer Institute, National Institutes of Health, 
Bethesda, Maryland, for making available to us, from time to time, L.C 
leukemia passage animals of inbred strain #2. Our thanks are also due 
Mr. S. Poiley, Chief, Animal Production Section, National Institutes 
of Health, as well as Dr. M. W. Chase, Rockefeller Institute, New 
York City, for generous gifts of normal inbred strain #2 guinea pigs. 
Noninbred guinea pigs of Hartley stock were either bought on the open 
market or were supplied through the courtesy of Dr. Rabstein, Camp 
Detrick, Frederick, Maryland; both Hartley colonies were maintained 
by random breeding. 

Aided by grants from the Leukemia Society, New York, N.Y., and from the National 
Cancer Institute (Grant C-4368) of the United States Public Health Service. 
Presented, in part, at the First International Congress of Infectious Pathology, Milan, 


Italy, May, 1959. 
Received for publication, November 23, 1959. 
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Transfers were carried out by subcutaneous implantation of small 
fragments of freshly harvested leukemic spleen tissue or by injection 
(subcutaneous or intracerebral) of 1 to 2 cc. of 50 to 75 per cent 
leukemic spleen cell suspensions. Whenever a transfer was made from 
strain +2 to Hartley guinea pigs, one or more strain +2 animals also re- 
ceived injections of the same material for control purposes. Experi- 
mental animals were observed 4 months for clinical signs of leukemia, 
and white blood cell counts were made at frequent intervals to follow 
the course of the disease. Guinea pigs showing a progressive rise in 
the white cell count were sacrificed at the height of the disease, and 
the diagnosis was confirmed by histologic examination of the important 
viscera. Animals with fully developed leukemia usually had terminal 
white cell counts between 50,000 and 300,000 cells per cmm., with 97 
per cent blast cells, and also presented characteristic leukemic lesions 
in the local tumor, regional lymph nodes, spleen and liver. 


RESULTS 


In the first series of experiments 62 Hartley guinea pigs were used 
for primary transfer. Their age distribution was as follows: 42 animals 
under 8 days old, 16 animals between 8 and 30 days old, and 4 animals 
over 30 days old. Four attempts were made to transfer leukemia L,C 
from strain #2 to Hartley guinea pigs. In the entire group only 2 Hart- 
ley guinea pigs, i.e., a newborn animal (7843) with intracerebral in- 
jection and a pregnant animal (#841) given a subcutaneous injection 
with leukemic spleen cell suspensions, developed progressive leukemia. 
This was characterized by typical hematologic response and pathogno- 
monic necropsy lesions (Table I). 

Further efforts to transmit the leukemia from these 2 animals serially 
in Hartley guinea pigs were only partially successful (Text-figs. 1 and 
2). Thus, subcutaneous injection of leukemic spleen cell suspension 
from guinea pig #843 into a group of 7 Hartley guinea pigs produced a 
local lymphosarcoma in one animal after 27 days with no other signs of 
leukemic involvement. This tumor was transferred to a strain #2 
guinea pig and produced classical leukemia but failed to cause any 
disease in 5 Hartley animals. On the other hand, the leukemia produced 
in guinea pig #841 * could be carried over 7 serial Hartley passages, 
4 of which were made by intracerebral injection of the supernatant of 
lightly centrifuged 10 per cent leukemic brain suspension. However, con- 


* This animal developed leukemia 11 days after giving birth to young; the inoculation 
preceded delivery by 9 days. The young showed no signs of leukemia during several months 
of observation. The apparent connection between pregnancy and susceptibility to leukemia, 
suggested by this experiment, could not be confirmed in subsequent tests with pregnant 
Hartley guinea pigs. 
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tinuation of passages beyond this point led to inconclusive results and 
the line was abandoned. 

An interesting change in the pathologic process was observed during 
the course of this adaptation. While early intracerebral passages in 
Hartley pigs resulted in classical leukemia, subsequent transfers of 


STRAIN 2 GUINEA PIGS 
839 


LEUKEMIA 18-194 
a 
— TUMOR SUSPENSION 
LEUKEMIA LOCAL TUMOR 27-364 
a 
sk. WW. 
|NEGATIVE | NEGATIVE | 
Yo Ye 


TEXT-FIGURE 1. Serial transmission in Hartley guinea pigs of leukemia L.C. Only 
positive takes are shown, except in the last passage. 


leukemic spleen or brain by this route caused tumor involvement of 
the entire central nervous system. This was manifested by blast cell 
meningitis and extensive perivascular cuffing throughout brain and 
cord (Figs. 1 to 4). On the other hand, the peripheral white blood cell 
count remained within normal limits, and there was no gross evidence of 
systemic dissemination of the leukemic process to other organs, such 
as spleen, liver and lymph nodes, all of which appeared of normal size. 
The symptoms consisted of paresis, paralysis, ataxia and convulsions 
which led to prostration and eventually to death. Brain harvested from 
the third serial Hartley passage, when inoculated subcutaneously into 
a strain +2 guinea pig, again produced classical leukemia, indistinguish- 
able from the original L,C leukemia. Therefore, it seems unlikely that 
another agent had been picked up during these passages. 

While these experiments were in progress, it was discovered that 
young born from cross-mating strain #2 guinea pigs with Hartley 
guinea pigs were fully susceptible to leukemia L,C and that this suscep- 


HARTLEY GUINEA PIGS 
SPLEEN LC. 


196 JUNGEBLUT AND KODZA Vol. 37, No. 2 


tibility, as in strain #2 animals, was not lost with age.* Thus, of 19 
hybrid guinea pigs, ranging in age from a few days to a few weeks, 
injected with leukemic material, all developed progressive leukemia 
within an incubation period comparable to that seen in the inbred strain 
#2 animals. This observation rendered it possible to substitute first 
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TEXT-FIGURE 2. Serial transmission in Hartley guinea pigs of leukemia L2C. Only 
positive takes are shown. 


generation hybrids as donors, and another attempt was made to transfer 
leukemia L,C from hybrids to Hartley guinea pigs. Six Hartley guinea 
pigs were used for primary transfer and a total of 21 for serial trans- 
mission; all animals were between 24 hours and 5 days old, except one 
20-day-old animal. Experimental procedures closely followed those em- 


* The authors are indebted to Dr. Eli M. Nadel for his suggestion to undertake this cross- 
mating program. 
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ployed in the first series of adaptation tests. Suffice it to say that 2 
Hartley animals responded with progressive leukemia on primary trans- 
fer, but the resulting disease could not be carried beyond 3 consecutive 
Hartley passages, irrespective of the nature of the inoculum (spleen, 
brain) or the route of injection (subcutaneous, intracerebral). It is again 
of special interest that brain harvested from the last Hartley passage 
could be returned to a strain #2 animal with the induction of classical 
leukemia whereas the same material failed in transmission to Hartley 
guinea pigs (Table II, Text-fig. 3). 
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TEXT-FIGURE 3. Serial transmission in Hartley guinea pigs of leukemia LeC. Only 
positive takes during first and second Hartley passages are shown. 


DISCUSSION 


Our observations leave no doubt that noninbred Hartley guinea pigs 
are singularly resistant to transmission or serial passage of L.C leu- 
kemia, whether harvested from strain #2 or from hybrid donors. While 
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some noninbred animals responded with progressive leukemia, the dis- 
ease could not be carried in Hartley guinea pigs beyond a few initial 
passages. For all practical purposes, therefore, experimentation with 
this leukemia is confined to strain #2 guinea pigs, or to the use of first 
generation hybrids originating from strain #2 and Hartley stock. Fail- 
ure to obtain more consistent “takes” in the noninbred animal, in our 
experience, was apparently unconnected with the age of the recipient. 
Furthermore, previous exposure to sublethal x-irradiation or intoxica- 
tion with carbon tetrachloride was not followed by any significant in- 
crease in susceptibility. The factors which contribute to the resistance 
of the refractory animal require further investigation. 

The discrepancy between the regularity with which Nadel? could 
adapt leukemia L,B from inbred to noninbred young animals is striking 
and unexplained. In this connection it may be mentioned that leukemia 
L.B originated in an irradiated guinea pig while leukemia L,C was of 
spontaneous origin. Moreover, leukemia L.B had fewer serial passages 
in strain #2 guinea pigs than leukemia L,C, prior to adaptation. As for 
the implication of barriers of immunologic rejection, these did not ma- 
terially affect Nadel’s results. In our own work they could have only 
played a minor part, in view of the ease with which return passages 
from Hartley to strain #2 animals were accomplished. Whatever the 
precise reasons may be for the resistance of Hartley guinea pigs to leu- 
kemia L,C, our observations serve to point up once more the overriding 
importance of genetic selectivity residing in the susceptible host. This is 
well recognized in the transmission, and perhaps in the primary origin, 
of most neoplasms. 


SUMMARY 


First generation hybrids from cross-mating inbred strain #2 guinea 
pigs with noninbred Hartley guinea pigs were found fully susceptible to 
leukemia L.C. 

Attempts to transmit leukemia L,C from inbred or from hybrid guinea 
pigs to noninbred guinea pigs were only partially successful. Among 68 
noninbred Hartley guinea pigs used for primary transfer in 5 different 
experiments, only 4 animals developed progressive leukemia. The result- 
ing disease could not be carried over more than 2 to 7 serial passages in 
the noninbred animal. 

There was no evidence that the resistance of noninbred Hartley 
guinea pigs was influenced by the age of the animal. 
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LEGENDS FOR FIGURES 


Fic. 1. Leukemic Hartley guinea pig 856. Section through cerebral cortex at the 
site of inoculation. A heavy cellular infiltration of the meninges is shown. Cells 
were identified as leukemic blast cells by impression smear, stained with 
Wright’s stain. Hematoxylin and eosin stain. X 110. 


Fic. 2. Leukemic Hartley guinea pig 856. A section through the cerebral cortex 
of the contralateral hemisphere. Perivascular cuffing by leukemic cells is mani- 
fest. Hematoxylin and eosin stain. X 110. 


Fic. 3. Leukemic Hartley guinea pig 856. Section through spinal cord shows 
meningeal infiltration. Hematoxylin and eosin stain. x 60. 


Fic. 4. Leukemic Hartley guinea pig 857. A section of the brain, showing detail 
of the perivascular reaction. Hematoxylin and eosin stain. X 400. 
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THE EFFECT OF X-IRRADIATION ON THE MORPHOLOGY 
AND FUNCTION OF THE RAT TESTIS 


Samuet A. Gunn, M.D., THetma Goutp, Pu.D., W. A. D. ANpErson, M.D. 


From the Department of Pathology, University of Miami School of Medicine, 
Coral Gables, Fla. 


Recent references on radiation biology have emphasized that sperma- 
togonia are the most sensitive of the testicular elements to ionizing 
radiation; the interstitial cells are the most radioresistant.1~ Earlier 
investigators, applying total body x-irradiation® or local radiation to 
the testes of rats,’ pointed out that while the seminiferous tubules were 
damaged, androgen production was not reduced. This was evidenced by 
the normal size or hypertrophy of accessory sex glands. In the course 
of studies in the rat, it has been shown that the administration of Zn® 
results in a high degree of concentration in the dorsolateral lobes of 
the prostate,® paralleling the rich natural zinc content of the gland.® 
More recent experiments have demonstrated that the amount of Zn® 
taken up by the dorsolateral lobes is under the control of the male 
hormone and represents a functional state of the gland.**"* With the 
availability of this sensitive indicator of androgen level, studies were 
then undertaken to determine whether or not total body x-irradiation 
would produce any break in the pituitary-testis-prostate endocrine chain 
which might manifest itself in an altered capacity of the prostate to con- 
centrate Zn®. 


MATERIAL AND METHODS 


Forty mature male Wistar rats (16 weeks old, weighing 350 to 400 
gm.) received 470 r. total body x-irradiation in a single exposure. The 
animals were divided into 3 groups consisting of 12 to 15 rats per group. 
At various time intervals after irradiation, investigations of Zn® were 
undertaken to determine the functional state of the dorsolateral region 
of the prostate. To one group of animals Zn® was administered intra- 
cardiacally (0.04 uc per gm.) 5 days after irradiation; the other groups 
received the same dose of Zn® 12 and 18 days after irradiation, re- 
spectively. In all cases, 24 hours after the administration of Zn® the 
animals were sacrificed. One dorsolateral prostatic lobe was dissected 
from each animal. This was dried and weighed, and radioactivity was 
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determined as described in previous publications.’*’* The opposite 
dorsolateral lobe and both testes were removed from each animal for 
histologic study. The tissues were fixed in 10 per cent neutral formalin, 
cut at 7 », and stained with hematoxylin and eosin. 


WEIGHT TOTAL Zn®5 UPTAKE 
of D.L.P by D.L.P 


20 10 15 20 
NO. DAYS POST X-IRRADIATION 


TEXT-FIGURE 1. Weight and Zn® uptake in dorsolateral lobes of rat prostate following 
total body x-irradiation. Standard errors of the mean are shown. 
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The results of the preceding experiments necessitated repeating the 
x-irradiation studies in 3 more groups of rats, each consisting of 10 
animals. Six days after irradiation, hormones were given to 2 of these 
groups, the other group serving as an untreated irradiated control. The 
rats in 1 group received 1 unit of chorionic gonadotrophin daily for 6 
days. Those in the other group were given 100 pg. of testosterone 
propionate daily for 6 days. Twelve days after irradiation, Zn® was 
administered to all 3 groups; 24 hours later the dorsolateral lobes of the 
prostate were removed for determination of radioactivity as described 
previously. Tissues of the dorsolateral prostate and testes were also 
taken for histologic study. Whenever a rat in an experimental irradiated 
group was given Zn® and subsequently sacrificed, a nonirradiated in- 
tact animal in the control group of the same age and size was also given 
Zn® and sacrificed by the same technique. Here, too, specimens of the 
dorsolateral prostate and testes were prepared for histologic study. All 
of the above experiments were conducted during the months of May, 
June, July and August, 1959."* 
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RESULTS 
Zn** Uptake Studies 


The results shown in Text-figure 1 indicate that 6 days after irradia- 
tion the weight and Zn® uptake of the dorsolateral lobes of the prostate 
were slightly increased (although not significantly different from con- 
trol values). Thirteen days after exposure to x-rays there was a 29 per 
cent fall in the weight of the dorsolateral prostatic lobes (P<o.o1) and 
a 36 per cent reduction in the total amount of Zn® concentrated by the 
gland (P<o.oo1). Nineteen days after irradiation both the weight and 
capacity of the dorsolateral prostate to concentrate Zn® were well 
within normal limits. The daily administration of testosterone pro- 
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TEXT-FIGURE 2. Weight and Zn® uptake in dorsolateral lobes of rat prostate 13 days 
after x-irradiation. Animals treated with testosterone propionate and chorionic gonado- 
trophin. Standard errors of the mean are shown. 


pionate (100 wg.) and chorionic gonadotrophin (1 unit) 6 to 12 days 
after irradiation prevented the fall in weight and Zn® uptake of the 
dorsolateral prostate (Text-fig. 2) observed in untreated irradiated 
rats at 13 days. 
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Histologic Studies 


The dorsolateral prostate of nonirradiated control rats showed tall 
columnar epithelium in a moderate secretory state (Fig. 1). In animals 
sacrificed 6 days after irradiation the tall columnar epithelium was at 
a high level of secretory activity (Fig. 2). In animals sacrificed 13 days 
after irradiation the epithelium was of low cuboidal character, denoting 
diminished activity; an increase in the interacinar connective tissue 
denoted a lowered androgen level (Fig. 3). The prostate of animals 
sacrificed 19 days after irradiation exhibited secretory activity similar 
to that in the control animals (Fig. 4). In rats sacrificed 13 days after 
irradiation but treated with testosterone propionate or chorionic gona- 
dotrophin, the prostatic epithelium was tall, columnar, and in a high 
secretory state, indicating a response to the administered hormones. 

The testis in nonirradiated control rats showed a normal distribution 
of germinal epithelium with a layer of spermatogonia resting on the 
basement membrane in each of the seminiferous tubules (Fig. 5). In 
animals sacrificed 6 days after irradiation, only 30 per cent of the 
tubules contained spermatogonia (Fig. 6). The spermatocytes were 
normal in number and distribution, and both early and late spermatids 
were normal in appearance and in quantity. The interstitial cells also 
appeared normal. In rats sacrificed 13 days after irradiation, only 10 
per cent of the tubules contained spermatogonia. The spermatocytes 
exhibited a reduction of 20 per cent but were normal in appearance. 
The early and late spermatid population was reduced approximately 
30 per cent in many tubules (Fig. 7). The interstitial cells appeared 
to be normal. The animals sacrificed 19 days after irradiation showed 
a progressive loss of spermatogonia, only 5 per cent of the tubules hav- 
ing this layer present. At this time the spermatocytes were reduced 80 
per cent from the normal (Fig. 8). The early and late spermatid popu- 
lation and interstitial cells were normal. 

In rats sacrificed 13 days after irradiation but treated with testos- 
terone propionate, the population of spermatogonia and spermatocytes 
was the same as in control animals sacrificed 13 days after irradiation. 
However, in the testosterone-treated animals the early and late sperma- 
tid population was maintained at normal levels (Fig. 9). The testes of 
animals sacrificed 13 days after irradiation but treated with chorionic 
gonadotrophin exhibited the same appearance as in animals maintained 
for 13 days after irradiation but treated with testosterone propionate. 


DISCUSSION 


After irradiation, progressive loss of spermatogonia and, subse- 
quently, depletion of spermatocytes have been reported.** These have 
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also been found in the present experiments. We have noted, however, 
that 13 days after irradiation there was a reduction in the spermatid 
population, denoting a temporary arrest in the intensity and rate of 
spermatogenesis. Concomitant with this, the weight of the dorsolateral 
lobes and the Zn® concentrating capacity were diminished, indicating 
a reduction in androgen level. The administration of testosterone pro- 
pionate or chorionic gonadotrophin maintained the weight of the dorso- 
lateral prostate, and its functional activity, and prevented the arrest 
in spermatogenesis. The response to the administration of both testos- 
terone and gonadotrophin indicated that the lowered androgen level was 
due to lowered pituitary luteinizing hormone (LH) or interstitial cell 
stimulating hormone (ICSH) and not to direct damage to the prostate 
or interstitial cells per se. The LH depletion was only temporary since 
19 days after irradiation both the weight of the dorsolateral lobes and 
the Zn® uptake had returned to normal. At the same time the spermatid 
cell population again attained normal levels. 

In 1937 Nelson ** demonstrated that spermatogenesis could be main- 
tained in the absence of the pituitary by the administration of androgen. 
More recently Randolph and colleagues ** have shown that as the dose 
of ICSH (LH) was increased in hypophysectomized rats, the degree 
of maturity and the intensity of spermatogenic activity was also in- 
creased. The authors stated that it was tempting to deduce from these 
experiments that the output of androgen from the interstitial cells served 
to regulate the intensity of spermatogenic activity as well as the rate 
at which it progressed. It remains to be demonstrated, however, that 
such a relationship does in fact exist. The present studies appear to 
furnish some evidence to substantiate this hypothesis. 

In view of the need for massive doses of ionizing radiation to elicit 
alteration in the pituitary,* it appears that the lowered levels of LH 
(ICSH) noted 13 days after total body irradiation with a dose of only 
470 r. are not attributable to any direct effect on the pituitary. Bur- 
rows ** cited various investigations illustrating characteristic pituitary 
changes resulting from castration or damage to seminiferous epithelium, 
produced in cryptorchidism and ligation of the vasa efferentia. More 
recently it has been shown that the derangement in the pituitary elabora- 
tion of follicle stimulating hormone (FSH) and LH noted after castra- 
tion exhibits a definite time sequence.’*** Ten to 15 days after castra- 
tion there was an increase in the pituitary content of FSH with little 
or no LH, whereas at 21 days the gonadotrophic content of the pituitary 
became increasingly rich in LH. The studies reported in the present 
paper have shown that a minimal discernible effect of irradiation, 
namely, depletion of spermatogonia, is sufficient stimulus to evoke 
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changes in pituitary LH output similar in time sequence to that ob- 
served by others after castration. This points up in significant manner 
that testicular structure and function are important regulators of pitui- 
tary activity. 


SUMMARY 


Total body x-irradiation (470 r.) to rats produced minimal altera- 
tions in the testes, namely depletion of spermatogonia. This depletion 
evoked pituitary changes similar to those described following total 
castration. The derangement of the pituitary resulted in temporary re- 
duction in the capacity of the dorsolateral lobes of the prostate to con- 
centrate Zn® and a transient arrest in spermatogenesis. These features 
were considered indicative of an absence of sufficient androgen for these 
functions. The administration of testosterone propionate or chorionic 
gonadotrophin prevented such changes. The experiments serve to em- 
phasize the fact that the state of testicular structure and function con- 
tribute to the regulation of pituitary activity. 
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LEGENDS FOR FIGURES 


All sections illustrated were stained with hematoxylin and eosin. 


Fic. 1. Dorsolateral lobes of the prostate in a nonirradiated control rat, showing 
columnar epithelium indicating moderate secretory activity. X 615. 

Fic. 2. Prostate in rat 6 days after irradiation, showing tall columnar epithelium 
indicating high androgen activity. X 615. 

Fic. 3. Prestate in rat 13 days after irradiation, showing low cuboidal epithelium 
and widened interacinar space indicating a diminished androgen level. x 564. 

Fic. 4. Prostate in rat 19 days after irradiation, showing columnar epithelium indi- 
cating restoration of normal androgen level. X 564. 
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Fic. 5. Testis in nonirradiated control rat, showing normal distribution of germinal 
epithelium. The cells next to the basement membrane are spermatogonia. X 618. 


Fic. 6. Testis of rat 6 days after irradiation. Spermatogonia are absent. The cells 
next to the basement membrane are spermatocytes. The spermatid population is 
normal in amount and degree of maturation. X 618. 


Fic. 7. Testis of rat 13 days after irradiation. Spermatogonia are absent and sperma- 
tocyte population is decreasing. Note the arrest in spermatid population and in 


its degree of maturation. X 618. 


Fic. 8. Testis of rat 19 days after irradiation. Spermatogonia and spermatocytes are 
absent. The cells next to the basement membrane are immature spermatids. The 
spermatid cell population is normal in number and degree of maturation. X 618. 


Fic. 9. Testis of rat 13 days after irradiation; animal treated with testosterone 
propionate. There is depletion of spermatogonia and spermatocytes, as in the un- 
treated 13-day post-irradiation rat. However, the spermatid population is nor- 
mal. (Compare with Fig. 7). X 618. 
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ULTRASTRUCTURE OF HUMAN MUSCLE 
I. OBSERVATIONS ON NORMAL STRIATED MuscLe FIBERS 


V. L. van Breemen, Px.D. 


From the Department of Anatomy, University of Colorado School of 
Medicine, and the Mercy Institute for Biomedical Research, Denver, Colo. 


The ultrastructure of striated muscle from a variety of animals has 
been delineated in recent publications.* The historical background 
of modern concepts of muscle structure has been discussed by Bennett 
and Porter,* Bennett * and others. 

This paper reports electron microscopic studies of normal human 
skeletal muscle, extending existing data in comparative cytology of 
striated muscle and furnishing control data for studies of pathologic 
human skeletal muscle. 


MATERIALS AND METHODS 


During the past 5 years we have examined 55 biopsy specimens of 
human muscle by electron microscopy. Ten of these were normal, ob- 
servations on which are presented here. 

In the operating room, small pieces of muscle were immersed in fixa- 
tive immediately after excision. Part of each specimen was fixed in 
formalin for light microscopy, and part was fixed in osmium tetroxide 
for electron microscopy. The latter specimens were dehydrated in 
methanol and embedded in methacrylate, sectioned at about 0.025 » 
with a Porter-Blum ultramicrotome and examined with Philips electron 
microscopes (EM 100A and EM 100B). The micrographs in the present 
paper are from specimens from the gastrocnemius muscle of a 5-year- 
old male and were fixed for 214 hours in 1 per cent osmium tetroxide 
(pH 7.8). 


OBSERVATIONS AND DISCUSSION 


The micrographs presented here exemplify the observations in nor- 
mal human gastrocnemius muscle in the 5-year-old boy. The ultra- 
structure of normal muscle in patients older than 5 years was essentially 
similar. Ages of the ro patients ranged from 5 to 45 years, the average 
being 11. 
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Myofibrils 


The myofibrils of human gastrocnemius muscle fibers exhibit features 
commonly observed in muscle of other species; myofilaments, Z bands 
bounding sarcomeres, and M, A and I bands apparent in relaxed myo- 
fibrils (Figs. 1 to 3). As illustrated, when the myofibrils are in a relaxed 
state, the striations are almost but not completely matched from fibril 
to fibril. This close register of striations has also been observed in 
various stages of contraction. The Z bands are relatively broad and 
dense. The myofilaments seem to be continuous through the Z band 
and give the impression that some of the density of the Z band is de- 
rived from increased density of the myofilaments at this point (Fig. 3). 
The myofilaments exhibit increased density, and possibly increased 
diameter, not only at the Z band but to a lesser degree at the M band. 
As the myofilaments are observed in varying planes of section, there 
is also apparent a variation in the size of the filaments in the A band 
(Fig. 3). 

The variation in the size of myofilaments in relaxed myofibrils seems 
to support Huxley’s ® concept of the double array of filaments in striated 
muscle. Myofilaments, with adenosine triphosphate, are intimately in- 
volved in muscle contraction, though the mechanism is not completely 
understood.*® 


Mitochondria 


In these studies, mitochondria were found in abundance next to the 
nuclei (Fig. 2) and in other sarcoplasmic “pockets”’ located at the pe- 
riphery of the fiber. The perifibrillar mitochondria form a fairly regular 
pattern across the longitudinal sections of these fibers (Figs. 1 and 2). 
Most of the perifibrillar mitochondria are seen as profiles of short rods, 
paired at the Z bands. Intermittently, across a longitudinally cut fiber, 
very long mitochondria of greater diameter lie between the myofibrils 
(Figs. 1 and 3). Opposite each Z band there is a characteristic stricture 
of long mitochondria, or a separation between successive mitochondria 
(Fig. 3). In serial section studies, the small, short mitochondrial pro- 
files are found to remain short through successive sections, while larger 
rodlet profiles are found to extend in successive sections and to be parts 
of long mitochondrial rods. There is also evidence of lateral branching 
of the mitochondria, at the level of the Z band, as illustrated in Figure 
4. In regard to their internal structure, these mitochondria are similar 
to those in other cells,’7 having an internal folded membrane (cristas 
and tubules) and a finely granular matrix. The cristas and tubules are 
irregular in distribution and orientation. 
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That there are various “types” of mitochondria in human gastroc- 
nemius muscle, in terms of structure and location (spheroids and rodlets 
found in peripherally located groups, short small rodlets paired at many 
of the Z bands, and long rods also found between myofibrils) does not 
indicate various types in a functional sense. Though there may be other 
factors of less obvious significance, the quantity or concentration of 
mitochondria is an outstanding differential feature. High frequency 
muscle contains large quantities of large mitochondria, and low fre- 
quency muscle contains few mitochondria increasing with activity and 
decreasing with absolute power of the fiber.1* Red muscle contains more 
mitochondria than white muscle.’ Oxidative capacity is proportional 
to the quantity of mitochondria.’* This points up the significance of 
the fact that with increasing exposure to high altitude, red muscle 
develops more capillaries and an increase in size and number of mito- 
chondria, though white muscle shows no changes.’® 

Harman *° found a close correlation between cyclophorase activity 
and mitochondrial density in various muscles, both being low in white 
muscle and high in red muscle. Wachstein and Meisel** reported that 
the distribution of histochemically demonstrable succinic dehydrogenase 
in various muscles is similar to that of stainable mitochondria. In adapt- 
ing histochemical methods to electron microscopy, Barrnett and 
Palade * demonstrated the sites of activity of dehydrogenase systems in 
heart muscle; these sites were on, or in close relationship to, mitochon- 
drial membranes. In cytochemical studies of mitochondria, Watson and 
Siekevitz * demonstrated that mitochondria do possess membranes, that 
these membranes can be isolated in a relatively pure form and that such 
fractions contain at least some of the enzymes of the Krebs cycle. 


Sarcoplasmic Reticulum 


The sarcoplasmic reticulum is not outstanding. In the thin sections, 
it is represented by profiles of vesicles or cross sections of tubules (Figs. 
1 to 4). Such profiles may be found at any position along a myofibril 
(relative to the banding) but are more commonly found near the ex- 
tremities of the A bands. Though continuous tubules are not observed 
in any one section, observations in serial section studies suggest that 
there are very fine tubular interconnections between vesicles, and that 
lateral communications around the myofibrils are larger and more nu- 
merous than longitudinal connections. The latter observation is con- 
sistent with the findings in cross sections of the muscle fibers. In the 
present investigation, connections of the reticulum to the myofibrillar 
striations, both Z and M bands, are found, but with difficulty because 
they are very small and not elaborate. Such details remain for further 
study. 
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In agreement with Andersson,’ we have found these smooth, agranular 
sarcoplasmic membranes to be more like Golgi membranes than the 
endoplasmic reticulum of other cells. The possible relationship of the 
sarcoplasmic reticulum and the Golgi apparatus of striated muscle has 
been considered by a number of investigators since Ramon y Cajal **:5 
and Fusari **?" discussed the subject. Bowen ** wrote in support of the 
Cajal-Fusari network, stating that it represented the Golgi apparatus 
in striated muscle. Beams *® and Macdougald® found no relationship 
between the Golgi apparatus and the reticular network in muscle. It 
might be profitable to reconsider the possible relationship of these two 
systems, since it may be significant in terms of the biochemistry of 
muscle. In any case, the historic concept of the Cajal-Fusari network 
should be mentioned in a discussion of the sarcoplasmic reticulum. 

Sarcoplasmic reticulum is a highly specialized membranous system 
associated with the highly specialized contractile system, the myofibrils 
of striated muscle. It has been described as a system of membrane- 
limited vesicles, tubules and cisternas associated in a continuous reticu- 
lar structure which forms lace-like sleeves around myofibrils.’* Accord- 
ing to a number of descriptions, this system has connections to Z and 
M bands,?*” as well as between the sarcolemma and Z bands,’” ob- 
servations which have given impetus to speculation as to its function. 

It has been suggested that the sarcoplasmic reticulum participates 
in exchange of material between the myofibril and sarcoplasm,*:*:*® 
also that it serves as an internal conducting system.”*! Edwards, Ruska, 
Santos and Vallejo-Freire ** combined both ideas, stating that the reticu- 
lum, and very likely with it the Mgt +-adenylic acid system, is not only 
related to ion exchange and conduction of excitation within the cell, 
but is also functionally linked to the amount and region of shortening 
of the sarcomere. Porter and Palade ’* discussed both possibilities, being 
influenced by the requirements of the myofibrils for metabolites and 
appropriate excitation. Though they considered both to be possible 
functions, they favored the latter, stating that while the channels of 
the sarcoplasmic reticulum might provide for the diffusion of metabolites 
throughout the cell, its membranes would best serve as the conductor 
of the excitatory impulse. Taking the muscle cell as a model for the 
demonstration of the role of ‘“endomembranes” in conduction of excita- 
tion, Ruska, Edwards and Caesar ** derived a general concept of intra- 
cellular transmission of excitation. Recently Peachey and Porter * dis- 
cussed a hypothesis of intracellular impulse conduction in muscle cells, 
justifying it in terms of its bringing the previously paradoxic time- 
distance relationships in muscle into proper order. 

Though the sarcoplasmic reticulum of human gastrocnemius muscle 


I 


Aug., 1960 


HUMAN MUSCLE 219 
is not so elaborate as the reticulum in muscle of other species, it is never- 
theless present and may be assumed to be a functional component of 
the muscle fiber. 


Sarcoplasm 


The fibers in the specimens of human gastrocnemius muscle examined 
seem to contain a relatively small amount of sarcoplasm. Even in ac- 
cumulations next to the nuclei, the actual amount of sarcoplasmic matrix 
is small, since mitochondria are massed in these spaces (Fig. 2). Be- 
tween the closely apposed myofibrils there is a small amount of sarco- 
plasm, in which lie mitochondria and reticular elements (Figs. 1 to 4). 
The matrix has a finely granular appearance. Scattered through the 
sarcoplasm are a few larger particles seeming to have no particular 
orientation to other structures. The concentration of these larger par- 
ticles varies within fibers and from fiber to fiber. They are observed in 
their highest concentration in the interfibrillar sarcoplasm in the region 
of the I band. 

In agreement with Fawcett and Selby’s interpretation,® we tentatively 
consider the scattered sarcoplasmic granules to be particulate glycogen, 
being made osmiophilic by associated protein.** 


Nucleus 


The nuclei of human muscle fibers are typically ovoid and peripher- 
ally located. Each is enclosed in a double membrane, an envelope made 
up of an inner and an outer membrane.*° The nuclear pores are rela- 
tively obscure in the membranes of these nuclei, and only a few were 
observed with certainty in the many nuclear membranes examined. The 
nucleoplasm presents a finely granular appearance, with varied local 
accumulations of larger, denser particles (Fig. 1). Depending upon the 
plane of section, nucleoli may be found, appearing as groups of dense 
particles, the groups taking no definite shape and having no enclosing 
membrane (Fig. 10). In these normal fibers, the nuclei are fairly regu- 
lar in shape. Small folds along the sides seem to vary in depth and num- 
ber according to the state of contraction of the myofibrils (Fig. 10). 


Sarcolemma 


The term sarcolemma, as used by Fawcett and Selby,® refers only to 
the plasmalemma. Since this usage is entirely reasonable, it will be con- 
tinued here. 

The sarcolemma of human muscle is about 8 mz in thickness. In sec- 
tion it appears as a thin line with an irregular course, which may vary 
according to the state of contraction of associated myofibrils. Over the 
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outer surface of the sarcolemma is a less dense, homogeneous layer that 
varies greatly in thickness from o to 1 mp to as much as 30 mg, with 
the outer limit being indefinite (Figs. 5, 8 and 9). Seemingly continuous 
with the outer layer, perhaps embedded in it, are reticular fibers of 
the endomysium. This outer layer has been called the “cuticular 
layer.” 15° Tt is comparable to the basement membranes found else- 
where (Figs. 6 and 7). 

Along its profile in section, the sarcolemma is indented. Some of the 
indentations seem to continue into folds, or perhaps tubules, which ap- 
parently have connections to the Z and M bands (Figs. 5, 8 and 9). 
These connections may or may not be part of or related to the sarco- 
plasmic reticulum. 


SUMMARY 


Among 55 biopsy specimens of human muscle examined with the elec- 
tron microscope, 10 specimens were normal, observations on which are 
presented here. Ultrastructural features of myofibrils, mitochondria, 
sarcoplasmic reticulum, sarcoplasm, nucleus and sarcolemma are illus- 
trated and discussed, with some consideration of function. 

The general ultrastructural features of human gastrocnemius muscle 
are similar to those of striated muscle in other species. However, the 
sarcoplasmic reticulum in the human muscle is not quite so elaborate. 

This report extends existing data in the comparative cytology of 
striated muscle and furnishes control data for studies of pathologic hu- 
man skeletal muscle. 
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LEGENDS FOR FIGURES 


The electron micrographs illustrate some of the ultrastructural features in normal 
human gastrocnemius muscle. They are from biopsy specimens fixed for 234 hours 
in 1 per cent OsO, (pH 7.8). The micrographs were taken on 3% X 4-inch Kodak 
medium lantern slide plates (developed in Kodak Dektol), using a Philips electron 
microscope, EM r1ooB. 


Fic. 1. A longitudinally sectioned muscle fiber, illustrating part of an elongated, 
peripherally located nucleus (at the bottom of the figure), mitochondria (espe- 
cially the long type, as at M), and relaxed myofibrils with characteristic cross- 
striations and myofilaments. There is scanty sarcoplasm between the myofibrils 
and next to the nucleus, and profiles of the sarcoplasmic reticulum, as at S. 
X 30,000. 
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Fic. 2. A longitudinally sectioned gastrocnemius fiber, illustrating small mito- 
chondria paired at the Z bands and a juxtanuclear mass of mitochondria. Ele- 
ments of the sarcoplasmic reticulum also appear between the myofibrils. 
X 25,000. 
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Fic. 3. A longitudinally sectioned gastrocnemius fiber, illustrating the variation 
in myofilament size (examples indicated by straight arrows). The mitochondrion 
(at the top of the micrograph) may be only constricted next to the Z band (right 
side of figure) and not completely separated from the next segment. The 
myofilaments (curved arrow) seem to be continuous through the Z band, and 
their increased density at this point seems to contribute to the great density 
of the Z band. X 80,000. 


Fic. 4. A longitudinal section, illustrating lateral branching of mitochondria. 
X 25,000. 
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.5, 8 and g illustrate characteristics of the sarcolemma (plasmalemma), the 
overlying less dense layer, and various relationships of the sarcolemma, reticu- 
lum and the Z bands and M bands. The myofibrils in these figures are partly 
contracted. X 50,000. 


6. Portion of a Schwann cell (found between muscle fibers), illustrating the 
plasmalemma and an overlying less dense layer, comparable to the sarcolemma 
and the layer above it. X 100,000. 


7. A muscle fiber (below) and portion of a capillary (above), illustrating 
the plasmalemma of an endothelial cell and its overlying less dense layer (base- 
ment membrane), comparable to the sarcolemma and its overlying layer. 
X 25,000. 


1o. A nucleus from a partially contracted muscle fiber, illustrating the small 
folds that appear in the nuclear membrane as the myofibrils contract. A nu- 
cleolus is seen at the left side of the figure. X 20.000. 


; 
— 


| 
A 


Aug., 1960 


HUMAN MUSCLE 


eo 224 | 
* 2 


THE TOXIC PROPERTIES OF MASSIVE INOCULUMS OF 
NEWCASTLE DISEASE VIRUS AND INFLUENZA VIRUS 
(PR8) FOR CELL STRAINS DERIVED FROM NORMAL AND 
NEOPLASTIC TISSUE 


Eart J. Mason, M.D., Pu.D.,* anp NatHan Kaurman, M.D. 


From the Departments of Pathology, Western Reserve University 
School of Medicine and Cleveland Metropolitan General Hospital,+ 
Cleveland, Ohio 


It has been reported that massive inoculums of Newcastle disease 
virus and influenza virus have a “toxic” action im vivo under certain 
conditions.’ More recently it has been demonstrated that these viruses 
also exert a toxic action im vitro against certain cell strains of human 
origin.*’ This report concerns experiments which describe and compare 
the toxicity of these 2 viruses for 5 other cell types im vitro. These cell 
types are of human and murine origin and are derived from both nor- 
mal and neoplastic tissue. 

The results demonstrate that cytotoxicity is produced only by ex- 
posure of cells to an inoculum which represents a ratio of more than 
one infectious unit of virus per cell. The data for 3 of the cell types (L, 
LLCM, and U,,) further suggest that whereas the virus units are re- 
sponsible for this cell damage, their effect cannot be explained by the 
usual processes of intracellular virus multiplication, since the toxic effect 
of inoculums cannot be serially passaged indefinitely. 


MATERIAL AND METHODS 
Virus 
The California strain, #11914, of Newcastle disease virus (NDV) 
and the PR&8 strain of influenza virus were used (both strains were ob- 
tained from the American Type Culture Collection, Washington, D.C.). 
Nine to r0-day-old fertile eggs were inoculated with 0.1 ml. of a 10~* 
dilution (PR8) or 10~* dilution (NDV) and incubated for 2 (PR8) or 
3 (NDV) days at 37°C. The harvested infected allantoic fluid was 
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stored in glass ampules in a carbon dioxide box. The median infective 
dose (ID;.) of different harvests of NDV varied from 10—®? to 10-®” 
per o.1 ml., and of PR8, from 10~*" to r0—®* per o.1 ml. Hemagglutina- 
tion (HA) end points of dilutions of these two viruses usually ranged 
from 1:256 to 1:1024 for NDV and 1:2,000 to 1:8,000 for PR8 per ml. 
of allantoic fluid. 


Assays of Virus and Immune Serum 


One-tenth ml. of 10-fold dilutions of allantoic fluid in a buffered (pH 
7-6) balanced salt solution (Hanks’s) were inoculated into the allantoic 
cavity of 8 to r1-day-old fertile eggs. After 3 days’ incubation at 37°C., 
0.5 ml. of undiluted allantoic fluid was mixed with 0.5 ml. of 0.5 per 
cent of chicken erythrocytes, and the sedimentation pattern was inter- 
preted after 1 hour at 4°C. The 50 per cent infectivity end points 
(IDs0) were determined according to Reed and Muench.® To avoid 
falsely negative hemagglutination,® a 1:16 dilution of fluid was fre- 
quently tested concomitantly with undiluted allantoic fluid. 

The viral hemagglutinin (HA) titer was determined using equal 
volumes (0.5 ml.) of serial 2-fold dilutions of infected allantoic fluid 
and o.§5 per cent thrice-washed chicken erythrocytes. After one hour 
at 4°C., the highest final dilution which produced maximum (4+) 
hemagglutination was regarded as the titration end point. 

The preparation of the NDV-specific immune rabbit serum has been 
described previously '° and PR8-immune serum was prepared in a simi- 
lar manner. If 8 hemagglutinating units (HAU) of homologous virus 
were added to increasing dilutions of serum, hemagglutination inhibition 
usually occurred in a 1:1,024 dilution of NDV-immune serum and a 
1:2,048 dilution of PR8-immune serum. 


Cell Strains and Maintenance 


The cell strains used in these studies consisted of L, LLCM, and 
Sarcoma 180 of murine origin and U,, and KB * of human origin.* L, 
LLCM, and U,, cell strains were maintained as a stock supply of cells 
in 8 ounce prescription bottles (Kimble Neutraglass). A nutrient me- 
dium used for growth and maintenance of cells consisted of 20 per cent 
horse serum and 8o per cent synthetic medium #199, with the addition 
of 100 units of penicillin and 100 wg. of streptomycin per ml. Tube cul- 
tures of KB cells (human epidermoid carcinoma) and S180 cells (mouse 
sarcoma) were obtained from a commercial source. Upon receipt, their 
nutrient fluid contained 90 per cent Eagle’s Basal Medium and ro per 


* The authors are indebted to Dr. R. N. Hull™ for the supply of LLCM: cells and to 
Drs. H. E. Swim and R. F. Parker” for the U1: cells. 
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cent horse serum. In order to standardize the conditions of these experi- 
ments, the medium of commercial tube cultures was replaced by the 
same 20 per cent horse serum and 8o per cent 199 mixture used for 
stock culture cell types within 24 hours. 


Preparation of Tube Cultures 


Since cultures of KB and S180 cells were obtained in tubes, it was 
only necessary to supply them with the 20 per cent horse serum and 
80 per cent 199 mixture used for other cell types to have adequate ma- 
terial for experiments. These were nourished until their growth was 
satisfactory for comparison with the tube cultures prepared from stock 
bottles of the other cell strains. To prepare cultures of L, LLCM, and 
Uy,» cells, 15 by 150 mm. test tubes were each inoculated with 1.5 ml. 
of a cell suspension containing 200,000 to 300,000 cells. After stationary 
incubation for 2 or 3 days, cultures were inspected for contamination 
and suitability for comparison in experiments. At the time of allantoic 
fluid inoculation, culture fluids of all cell strains were replaced with a 
fluid medium which contained the same concentrations of horse serum 
and mixture 199, except that the horse serum had been heated (56°C., 
30 minutes) to reduce and standardize any antiviral properties. The 
dilution of any inoculum is reported as the final virus concentration in 
the culture medium (1.5 ml.). Sets of 3 or 4 tubes were inoculated with 
aliquots of the same dilution. 


Serial Transfer of Supernatants from Infected Cultures 


To determine if the cytotoxic effect of massive virus inoculums could 
be passed serially through sets of cultures, 12 tubes of cells received a 
1:2 dilution of either NDV or PR8. After 2 days were allowed for maxi- 
mum development of virus-induced changes, the fluid medium of each 
culture was aspirated, pooled with others of the same set, and centri- 
fuged. One ml. aliquots of supernatants so obtained were substituted 
for the medium of healthy, previously uninoculated cultures of the same 
age. The total fluid volume in all tubes was brought to 1.5 ml. by an 
additional o.5 ml. of fresh medium. Another separate portion of the 
supernatant was used for infectivity and hemagglutinin titration. Con- 
trol sets of cultures which contained normal allantoic fluid in place of 
infected allantoic fluid were treated identically. In several instances a 
fraction of the cultures which were recipients of passaged medium were 
treated 30 minutes prior to use with specific immune serum or normal 
serum. Their appearance afforded an additional check on the specific 
effect of passaged virus. 
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RESULTS 


Newcastle disease virus and influenza virus exhibited toxicity for each 
of the 5 cell strains used in this study; viz., strains L, LLCM,, Uj», 
S180 and KB. This toxic damage was consistently demonstrable when 
a fluid consisting of 1:2 or 1:5 dilution of virus-infected allantoic fluid 
in maintenance solution was substituted for the growth medium. The 
toxic changes usually reached their maximum intensity by 24 hours 
following exposure to either virus. In most instances this was mani- 
fested by detachment and destruction of the entire cell layer which had 
covered the surface of the tube. The only evidence of the previous cell 
layers consisted of remnants of cells floating in the culture fluid and 
smaller suspended cell components which produced turbidity in the 
growth medium. The phenol red contained in the fluid became distinctly 
more alkaline than that of cultures in the control groups with non- 
infected allantoic fluid. Control cultures which received the same high 
concentrations of normal allantoic fluid or heat-inactivated (56°C., 30 
minutes) infected allantoic fluid had no cell destruction or intracellular 
damage similar to that found in cultures which received either of the 
two viruses. 

The same cellular alterations were produced by only an hour of ex- 
posure to the high concentrations of infected allantoic fluid followed by 
aspiration of virus and its replacement by fresh maintenance solution. 
Although only a fraction of infectious virus remained after aspiration 
and subsequent dilution by the fresh nutrient fluid, the cytotoxic altera- 
tions were nonetheless severe and were manifest within the same period 
of time as that of the first method. Thus it was arbitrary whether to 
remove the virus seed after incubation with cultures for one hour or to 
leave the original inoculum for the full time of observation. The latter 
method was adopted for the majority of experiments involving titration 
of the toxic properties of material containing virus. 

High concentrations of NDV or influenza-infected fluids induced 
similar visible degenerative cell changes as early as 14 to 16 hours. In 
most tube cultures, the earliest alterations consisted of increased cyto- 
plasmic granularity and irregularity and refractility of the cell margins. 
Simultaneously, other cells in the same culture were more rounded than 
usual, and it appeared that cohesiveness of cells was increased, as evi- 
denced by small clumps. Various degenerative changes in both the nu- 
cleus and cytoplasm appeared in rapid succession until dislodgment and 
lysis of cells occurred. In some cultures, however, occasional isolated 
cells were found which had remained intact and continued to maintain 
adhesion to the glass surface. They possessed irregular, highly refractile 
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cell margins and no intracellular detail; furthermore, their appearance 
did not change during observation for periods up to 6 days. In spite of 
their intact cell membranes and adhesiveness to the glass surface, they 
appeared to be irreversibly damaged or dead. 

Higher magnifications of cells infected by NDV were examined on 
cover slip cultures and cultures in micro tissue culture plates. Cover 
slip cultures were prepared by placing a large drop of cell suspension 
on each of 8 22-mm. glass cover slips enclosed within a sealed 10 by 
150 mm. Petri plate. The cells were allowed 30 minutes to settle on the 
glass surfaces and then submerged by 10 ml. of medium which con- 
tained dilutions of normal or infected allantoic fluid. Under these con- 
ditions, virus-induced changes in L cells were noticed as early as 4 to 
8 hours after infection and consisted of a marked increase in granularity 
and rounding of the cells (Figs. 1 and 2). The cells had a definite 
tendency to clump, and there was also a distinct increase of the average 
diameter in many. These changes were followed in several hours by the 
gradual appearance of cytoplasmic vacuolation and irregular cell out- 
lines (Fig. 3). As the toxic damage progressed, the observable mani- 
festations were nuclear shrinking and pyknosis (Fig. 4). Cellular altera- 
tions in these preparations were usually complete within 24 to 36 hours 
(Fig. 5). 

The cell changes described above were used to devise an arbitrary 
grading system for comparison of the cytopathogenic effect of various 
dilutions of either virus on cultures of each of the 5 cell strains. Toxic 
cell alterations were interpreted on a scale ranging from + (slight cell 
changes, probably due to virus) to 4+ (total cell population damaged 
and dislodged from the growth surface). A value of 1+ represented 
the least degree of unequivocal virus damage. Table I contains the 
grade of cytopathogenicity produced by dilutions of NDV with cultures 
of each of the 5 cell strains. Similar values for each strain were obtained 
with the same dilutions of influenza-infected allantoic fluid. A direct 
relation is suggested between the grade of damage and the concentration 
of infectious virus placed with the cells. It is important to note that 
low concentrations of infectious seed virus, below a certain range, were 
unable to produce toxic changes in cells of each strain during the entire 
period of observation. An identical observation was made for low con- 
centrations of influenza virus on the 5 cell strains used for these experi- 
ments. 

During the period of observation, there were variations of the grades 
of toxicity recorded for tube cultures. If only a small proportion of the 
cell population showed minor toxic changes, it was not uncommon to 
find that the early evidence for slight damage disappeared upon con- 
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TABLE I 


CYTOPATHOGENIC EFFECT OF NEWCASTLE DISEASE VIRUS 
ON CELL STRAINS L, Uiz AND LLCMi, SARCOMA 180 AND KB 


Degree of cytopathogenicity 
Virus Time in Cell strain 
dilution days Us S180 KB LLCM: 


1:2 


ooo 
ooo 


tinued cultivation (Table I). Reproduction of unaffected cells and cell 
crowding were regarded as important factors which masked these slight 
toxic alterations. 

The results of many experiments involving titration of the cytotox- 
icity of both NDV and PR8 for these cell types suggested that no sig- 
nificant difference in sensitivity to virus toxicity existed among the cell 
strains. Thus the variation of cytotoxicity induced by NDV, as shown 
in Table I, only illustrates the variability obtained in experiments em- 
ploying different batches of stock virus and cultures prepared on differ- 
ent occasions. Since cultures with low concentrations of either virus 
were not destroyed after 5 days, it was assumed that multiplication of 
virus did not account for the cell destruction produced by the higher 
concentrations of either virus. However, it was conceivable that an agent 
was produced by the cells in response to high virus concentrations which 
was responsible for cell damage. This was investigated by experiments 
to determine if the toxicity could be serially transferred through cul- 
tures of healthy cells. Tube cultures of the 3 stock cell strains, L, 
LLCM, and U2, were used for these experiments, and aliquots of the 
cultures’ supernatants were obtained at each passage interval for a 
determination of the amount of infectious and hemagglutinating virus 
which remained. Centrifuged culture supernatants pooled from sets of 
tube cultures destroyed by a 1:5 dilution of NDV or PR8 infected al- 
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lantoic fluid were serially passaged into fresh tube cultures at the end 
of successive 2 day periods. Table II contains values from one such 


TABLE II 


THE RELATIONSHIP OF SERIAL PASSAGE OF NDV AND PR8 ON L AND U 13 CELLS 
TO THE CYTOTOXICITY, EGG INFECTIVITY AND HEMAGGLUTINATION 


Cell strain 


Virus culture 
passage 
NDV CP 
EID/o.1 ml. 
9.7 
HA/ml. 
512 


cP 2 

EID/o.1 ml. 75 
9.3 

HA/ml. > 500 
2000 


* 1 of 4 eggs infected. 


experiment involving a total of 4 serial passages of NDV and PR8, each 
through L and U,, cell cultures. The almost complete cell destruction 


of the first set produced by the seed inoculum of either virus into cultures 
of the cell strains was found to possess diminishing cytotoxicity in the 
fresh cultures of each successive transfer. Moderate toxic changes were 
sometimes produced in culture sets of the third serial passage, and, in one 
experiment with NDV and L cells, slight but definite evidence of virus 
toxicity was recognizable in cultures of the fifth passage. Viral cytotoxic- 
ity diminished with each serial passage, and a concomitant, gradual re- 
duction of both egg-infectivity and viral hemagglutinin was demonstrated 
in culture fluids. The correlation observed between decreasing virus 
concentration and decreasing cytopathogenicity in successive passages 
suggested that the toxicity observed in these experiments depended on 
a certain concentration of “active” seed virus similar to the correlation 
between toxicity and high concentrations of infectious virus in allantoic 
fluids (Table I). It was evident from these experiments that the cyto- 
toxic effect of either virus could not be transmitted through series of 
cultures, and thus the toxic properties were associated with the infected 
allantoic fluid of the original inoculum. 

Data suggesting that the toxic alterations produced in the cultures 
receiving passaged culture supernatant were related to both viruses were 
obtained by the use of specific immune serum in such experiments as 
those just described. If NDV or PR8-specific immune serum were added 


L 
Tr T2 T3 T4 Tr T2 T3 T4 
4 2 I ° 3 2 I ° , 
8.7 6.5 45 0.5 8.3 60 <3.5 
256 256 128 64 256 256 128 32 ae: 
PR8& I ° ° 3 I + ° ; 
55 <10* — 8.0 40 <0o5 — 
256 64 16 256 64 16 16 
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to healthy cultures 14 hour before they received toxic, serially passaged 
supernatant, no cytotoxic changes developed in this group in contrast to 
untreated cultures. The degree of protection afforded this portion of 
experimental sets also provided a sharp contrast to the destructive alter- 
ations appearing in control groups to which normal instead of immune 
serum was added. The results of these experiments imply that the toxic 
factor in the passaged, toxic supernatants and the virus units of NDV 
or influenza virus are one and the same. 

Additional, confirming evidence that NDV and influenza virus acted 
as cytotoxic agents and were responsible for the cell changes was pro- 
vided by examining the toxicity of mixtures containing either virus and 
an equal volume of specific immune serum. For control purposes, both 
pooled normal and pooled nonspecific immune rabbit serum were used. 
Data from 2 representative experiments appears in Tables III and IV. 


TaBLE III 


NULLIFICATION OF CYTOPATHOGENICITY OF NDV-INFECTED ALLANTOIC FLUID 
FOR Ui2 CELLS BY SPECIFIC IMMUNE RABBIT SERUM 


Cytopathogenic effect * 
Days of incubation 
Inoculum I 3 
NDV + NDV immune serum 
NDV + PR8 immune serum 
NDV + nonimmune serum 
NAF ¢ + nonimmune serum 


° 
3 
3 
° 


ow 
w 
oO ww oO 
O 
owe o 
oww 


* Results expressed for individual tube. 
+ NAF: Noninfected allantoic fluid. 


TABLE IV 


NULLIFICATION OF CYTOPATHOGENICITY OF INFLUENZA (PR8) -INFECTED ALLANTOIC FLUID 
FOR L CELLS BY SPECIFIC IMMUNE RABBIT SERUM 


Cytopathogenic effect * 
Days of incubation 
Inoculum I 3 


PR8 + PR8 immune serum 
PR8 + NDV immune serum 
PR8 + nonimmune serum 

NAF t + nonimmune serum 


w Oo 
Ow w Oo 
ow wv 
ow w oOo 


3 
4 
° 


ow wv 
of 
Ow rnr Oo 
op w O 


* Results expressed for individual tube. 
+ NAF: Noninfected allantoic fluid. 


The data in Table III indicate that NDV-immune serum is able to pro- 
tect cells completely from the cytopathogenic effect of NDV-infected 
allantoic fluid. On the other hand, neither “normal” rabbit serum nor 
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PR8-immune serum prevented cytotoxic action by NDV-infected fluids. 
Using the same combinations of serums with influenza virus, only the 
PR8-specific immune serum prevented the virus-induced toxicity of 
PR8-infected fluids (Table IV). The high concentrations of rabbit 
serum used in this experiment produced slight and nonspecific cellular 
changes which, however, did not interfere with interpretation of results. 
The high specificity of the protection against cytotoxic effects offered by 
immune serum gave additional support to the conclusion that the toxic 
factor in infected allantoic fluids consisted either of active Newcastle 
disease or influenza virus. 


DISCUSSION 


The evidence obtained from these investigations indicates that high 
concentrations of Newcastle disease virus and the PR8 strain of influ- 
enza virus can exert a cytotoxic effect on L, LLCM,, U,., KB and S180 
cell strains. Similar concentrations of heat-inactivated, infected allantoic 
fluid and normal allantoic fluid had no such effect on cultures of these 
cells. The cellular alterations appeared as early as 4 to 8 hours after 
inoculation (NDV with L cells) and steadily increased until cell de- 
generation was usually complete. This frequently occurred before 24 
hours with either virus under the conditions used in this study. The 
nature and rate of development of the cell changes did not possess char- 
acteristics diagnostic for either virus and presented a panorama of 
steadily increasing cytopathologic effects. No important differences were 
observed in this process among the 5 cell strains investigated. 

The average inoculum of either seed virus required to induce these 
changes contained a high concentration of infectious virus particles, and 
if dilution of toxic allantoic fluids exceeded 1: 1,000 they were frequently 
without effect. It was necessary for this virus concentration, which may 
be expressed in terms of egg-infectious doses (EID) per ml. of infected 
allantoic fluid seed, to be approximately 10% EID in tube cultures con- 
taining 10° cells for visible destruction of any one of the 5 cell types 
by either virus. Thus, this concentration in the higher dilutions of toxic 
allantoic fluid represented a virus:cell ratio in the order of 10:1. For 
maximum cytologic changes, however, virus concentrations which gave 
virus:cell ratios of 1,000 to 10,000 EID of NDV or PR8 per cell were 
required. In general, the severity of toxic cell alterations had a con- 
sistent, direct relation to the virus content of the inoculum. 

A relationship between influenza virus concentration and toxicity for 
HeLa cells in vitro has been described *; however, virus multiplication 
has accompanied the destructive changes in cultures of various other 
cell types inoculated with NDV or influenza virus. These cell types 


240 MASON AND KAUFMAN Vol. 37, No. 2 


could, therefore, support the serial passage of the destructive viral 
agent.’°"4-16 This is distinctly different from the viral cytopathogenic 
changes described in this report, since serial passage of the toxic effect 
of NDV or PR8-infected allantoic fluid was unsuccessful in cultures of 
L, U2, and LLCM, cells. Furthermore, the results suggested that the 
diminishing cytotoxic changes which appeared in cultures of succeeding 
passages were correlated to the gradually diminishing concentration of 
egg-infectious virus in the passaged fluid. Such experimental results im- 
plied that toxicity of NDV and PR8-infected allantoic fluids could be 
estimated in terms of the infectious virus concentration in seed inocu- 
lums, and also that no virus multiplication, at least in the usual sense, 
took place in these cell types. 

Finally, support to indicate the role of both viruses in the cytolytic 
process was obtained by abolishing the alterations with specific immune 
serum. Moreover, this was demonstrated by two methods: adding this 
material directly to cultures before addition of virus; and testing the 
cytotoxicity of mixtures of virus and specific immune serum. The un- 
equivocal results of these experiments made it evident that the virus 
contained in these fluids could be considered the etiologic agents of cell 
destruction. 

Evidence would indicate that both “toxic” cell damage and that re- 
sulting from virus infection and multiplication of NDV or influenza 
virus are associated with a high concentration of infectious virus in the 
extracellular environment. It is immaterial, perhaps, whether this is sup- 
plied as inoculum, as in the experiments described here, or produced and 
elaborated by intracellular virus multiplication during the usual infec- 
tious process. For example, severe cytopathogenic changes in cultures 
of chick embryo tissues infected by NDV began to occur only after 
extensive virus multiplication and elaboration of virus into the extra- 
cellular environment had taken place (in the range of 10%? to 107 EID 
per ml.'°), Jm vivo experiments with influenza virus have also shown 
that lung lesions in mice become marked only after maximum virus 
titers are produced by the tissue and not during the stage of rapid virus 
multiplication within the cells.? The fact that each of the 5 cell types 
was susceptible to the toxic activity of both viruses would indicate that 
a broad spectrum of cell types can be damaged by appropriate concen- 
trations of these agents. This conclusion is supported by other studies in 
which these viruses have been used.®7-27-18 


SUMMARY 


It was demonstrated that high concentrations of both Newcastle dis- 
ease virus and influenza virus (PR8), in the form of infected allantoic 
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fluid, are cytotoxic in vitro for 5 cell strains derived from both normal 
and neoplastic human and murine sources. Cellular alterations were 
produced within 24 hours only by concentrations of infectious virus in 
the seed inoculum which represented virus:cell ratios in the order of 
10:1 or greater; lower ratios were without effect on the cells. Both 
viruses exerted approximately the same degree of cytopathogenicity for 
each of the cell strains. There was lack of evidence for a relation be- 
tween virus replication and destruction of L, LLCM, and U,, cells, since 
serial transfer of the destructive changes through cultures was impos- 
sible. The relation between the concentration of infectious viruses and 
allantoic fluid inoculums and the findings that only specific immune 
serum could nullify the toxicity of either virus indicated that the rapid 
cell changes were dependent on the virus content of this material. 
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LEGENDS FOR FIGURES 


Fic. 1. L cells growing on a cover slip for 24 hours. Control culture; Papanicolaou 
stain. X 440. 

Fic. 2. L cells 8 hours after NDV infection. Note the granularity of the cytoplasm. 
Grown on micro tissue culture plate; unstained. X 1068. 

Fic. 3. L cells 12 hours after NDV infection. Note the rounding, granularity and 
clumping of cells, and irregularities of the nuclei and cytoplasm. Cover slip 
culture; Papanicolaou stain. X 360. 

Fic. 4. L cells 16 hours after NDV infection. The cells are degenerated, and the 
nuclei are pyknotic. Cover slip culture; Papanicalaou stain. X 495. 

Fic. 5. L cells 24 hours after NDV infection. Cell debris and a few damaged 
cells remain. Micro tissue culture plate; unstained. X 440. 
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